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INTRODUCTION 

Students of the etiology of diseases caused by h'usarium are often 
handicapped by the fact that they get various results from what appears 
to be the same fungus and obtain like results from apparently different 
fungi. To throw light on the interpretation of such results and to ser\'c 
as a guide for future studies, the group of Fusariura presented in this 
paper may be separated from the remainder of the genus. 

Species of Fusarium play an important part in the diseases of Ipomoea 
batatas Foir., the sweet potato. Many of the 13 different species and 
varieties of this genus of fungi are more or less cosmopolitan and ubiqui- 
tous and seem to be harmless to the sweet potato but injurious to other 
plants. Other species, so far as known, are confined to this host and 
connected with serious troubles, such as the wilt disease and the dry-rot 
of the root. Owing to the heavy losses that plant industry suffers from 
these diseases, a thorough investigation was undertaken, in order to 
find methods for their control. This investigation, rc(|uiring an exhaus- 
tive study of the parasitic fungi, was handicapped by the fact that 
saprophytes are frequently associated with parasites and resemble them 
in certain stages so closely that they are readily mistaken for them. This 
led to contradictory reports as to the nature and causes of the diseases. 
The only way to get unifonn results is to base these etiologic studies on 
a monograph of all the fungi associated with the diseases. This paper, 
although not exhaustive, includes at least the most important species of 
Fusarium occurring on the swi’cL potato. These have been grown m 
pure culture for almost two years until ‘’criteria of the nor m and sub- 
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norm” could be found and a sufficient constancy of the spores obtained 
under constant conditions. The diagnoses based exclusively on pure 
cultures allow also a determination of the fungi from field material when 
the effect of different degrees of moisture and of various substrata is 
understood, when what is youth and what old age, and what is mature 
and what immature in species of Fusarium ^ arc known! 

METHOD OF DIFFERENTIATION 

The genus Fusarium has a number of vegetative and spore stages,* 
and their so-called variability may be a source of confusion. This is 
evident from the fact that transfers of mycelium produce a growth quite 
different in general appearance from that derived from spores of the 
same fungus to the same medium under conditions otherwise identical. 
Conidia from the outside and mycelium from the fibrovascular bundles of 
a wilted plant isolated separately and grown and studied under tlie same 
conditions may show differences in general appearance and still be the 
same organism. They must be regarded as the same organism if one 
form can be transformed into the other. The following may be cited as 
proof: Hundreds of wheat grains among samples sent to the Kaiserlichen 
Biologischen Anstalt fur Land- und Forstwirtschaft, at Dahlem, near 
Berlin, Germany, to determine the cause of poor germination, showed 
carmine-red vSpots of fungous mycelium. Numerous cultures, {lerived 
from epiphytic and endophytic mycelium of different seeds, j^ielded a 
number of fungi, such as Verticillium, Spicaria, Alternaria, Trichothecium, 
Langloisula, Ramularia, Melanospora, Leptosphaeria, Helminthosporium, 
Gibberella, and Fusarium (three s[)ecies), without an ascus stage. 

The four last-named organisms, afterwards found to be distinpt, 
showed practically the same general appearance; as, for example, in a 
sterile cottony growth of aerial mycelium all four showed yellow on 
sterilized rice media and carmine red on steamed potato. Repeated 
transfers of mycelium to the same medium did not give differential 
characters sufficient to identify any one character by this method. 
In some cases a few small conidia scattered in the mycelium were 
developed, but without any constant shape that was characteristic. 
Within a month, however, some plecteuchymatic bodies appeared, often 
only one or two (in a test-tube culture on potato) pushing through the 
sterile mycelium. Later, an erubescent to orange color appeared in one 
culture and an ochreous brown color in another, especially when exposed 
to daylight. This difference gave the first striking contrast between 

^ Exsiccat* will be prepared from all of thene fungi and, when complefed. subcultures of the original 
Straius will be sent to any-one interested. 

*vSueh expressions bs “myrrlial stage,'’ “sclcrotial stage,’’ "sporodochial stage," “jjiounotes stage, " 
“mitTo-conidial stage,” etc,, for the sake of convcnicn;;e, are used quite generally throughout this article. 
WTiile they are not to he regarded as true stages in the accepted sense of the word, they are ixirliailarly 
desirable terms to use in conneef km with a taxonomic study from pure cultures of the genus Fusarium. 
For definition of terms see WoMenweber, H. W. (1913c). 
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these species. The spore colors were emphasizeci through the contrast 
with the carmine mycelium tliallus common to all four strains. These 
ochreous and orange spots contained masses of characteristic sickle- 
shaped conidia. One culture was found to have ochreous spore masses 
of the type illustrated in Plate XV I, fig. /, although the majority of 
cultures contained spores of a longer type (Id, XVI, fig. 0 ). Cultures 
with orange conidial beds, however, presented a quite different type from 
both of those just mentioned. This type, although not figured, was 
more subulate than the forms in Plate XVJ, fig. M. A second orange 
type in another culture was of the same general shape, but a little broader. 
(See PI. XVI, fig. G.) The descendants of single spores of these four types 
of sickle-shaped conidia, repeatedly transferred to different vegetables, 
sterns, heads, and grains, remained distinct from each other, but constant 
in themselves in the same spore stage. The sporodochia were formed 
more freely in subcultures, especially on stems. In addition to this 
so-called tnbercularia-like sporodochial stage, one of the four strains 
'(Pi. XVI, fig. 0 ) produced perithecia and was identified as G^berdla 
Saidnndii (Mont.) Sacc. It liad no cldamydospores, but thick-walled 
swollen cells occurred in plectenchymatic bodies (stroma) and in closely 
interwoven hyphse (PI- XI\ , fig. y), which often resembled chains of 
chlamydospores, but differed from them in function. The other similar 
type (PI. XVI, fig. ]) never formed perithecia, biit produced clusters of 
chlamydospores. The latter were quite as resistant as perithecia and 
have^ proved to be an etTecii\e resting stage in species destitute of 
the ascigerous form. Later, tire two other strains of the section 
Roseuni with orange conidia were also found to differ more than was 
apparent at first glance. The broader type produced blue globose 
sderotia in cultures on stems repeatedly watered when dried out. These 
bodies resembled in general appearance perithecia of Gibberella, but 
were massed and much smaller, 56 to 70/4 in diameter, and witliout any 
indication of asci. Such sderotia ^vere entirely w'anting in the. spedes 
having the slender type of conidia. The study for some years of these 
four above-described strains isolated from wheat tjnikum spp.) did 
not change I he previous conclusion that they were four separate fungi. 
Gibberella Saidmietii (.Mont.) vSacc. (PI. XIV, and Pi. XVI, fig. 0 )\ 
Fusanum culmorum (W. G. Sm.) Sacc. (PJ. XVI, fig. /); F, svbulatum 
App. and WoIIenw.; and f. miaekremm App. and Wollenw. These 
fungi were, formerly included in the collective species /•- rosam Link 
autorum. 

From this example it is seen that to differentiate these fungi is only a 
question of method. A skeptic, however, may ask. Why is FusaT^im 
admorum not the conidial stage of (obberella? It must be conceded 
that the conidia derived from ascospores of Gibt.erdla resemble in shape 
those, of F. culmonim (PI. X^■I, figs. J and 0). It would not be con- 
vincing to state that F. admonm has 5-sfcptate conidia with a maximum 



254 


Journal of Agricultural Research 


Voi. II, No, 4 


length of 45^ and an average breadth of 7/1, while the Gibberella-Fusarium 
has 3 to 5 septate conidia, the quinqueseptate ones being up to 6ou long 
and 5.5/^ broad, since isolations of both, which have been repeatedly made, 
from different hosts showed a range of variation in the size of conidia in 
different strains of the same fungus. For instance, F. culmorum from 
Irish potato (Solanum tuberosum) attained only an average diameter of 
6/i, and another strain only 6.5 «, instead of ya, as in the original strain 
from Irish potato. Strains from sweet potato and wheat often gave a 
smaller maximum. On the other hand, strains of Gibberella Fusarium 
already studied from wheat, Irish potato seed balls, sweet potato, and 
stalks of maize reach an average maximum of 6/1, though in general not 
exceeding 5.5/1. The septation also varies a little in different strains from 
the same and from different hosts. The facts fully justify skepticism 
as to a separation of F. cutmorum and the Gibberella-Fusarium. 

However, a constant difference between the Fitsarium culmorum and 
the Gibberella series has been discovered. Chlamydospore clusters, which 
are absolutely wanting in Gibberella, occur in all strains of F. culmorum. 
This means that the ascigerous fungus, having perithecia, has therefore 
no longer any need of chlamydospores and may have lost this stage. If 
the formation of perithecia has been prevented, the effused plectenchyma 
(PI. XIV, fig, /), which also represents the base of the stroma, may 
function as a secondary overwintering stage. F. culmorum, on the con- 
trary, is dependent on chlamydospores if the conidia die from unfavorable 
conditions. Finally, the conidial stage itself, generally reduced in Gib- 
berella, is highly developed in F. culmorum, forming great masses of 
conidia in sporodochia and in pionnotes. That the conidia of Gibberella 
are less independent than in the other species is evident from the fact 
that earlier or later they join by their anastomosing germ tubes and 
simjily serv^e as a basis for the ascigerous stroma, thus practically losing 
their existence as a conidial stage. In F. culmorum, on the other hand, 
conidia have been found to be perennial arul resistant for years, and. 
besides, are able to produce chlamydos^x)res from their cells if they are 
ovcrwatcrcd or exposed to other unfavorable conditions. 

Summarizing these results, it is seen that there is no good reason for 
regarding Fusarium culmorum, a representative of the section Discolor, 
as the conidial stage of Gibberella. Neither can F. suhulatiim and F. 
metachroum be a stage of this ascomycetc, since they have conidia char- 
acteristic of the section Roseum (PI. XVI, fig. ( 7 ). This section is often 
confused with Gibberella, owing to the frequent association of the so- 
called F. roseum Link with Gibberella on grains of cereals, w^hile the true 
Fusarium of Gibberella is comparatively rare in nature because of its 
ready metamorphosis into a stroma. 

If doubts based only on unproved analogical conclusions suggested 
by certain relationships in shape and color of single stages are disregarded 
and the results of pure cultures in compg risen with the same organism 
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grown under natural conditions in the open field are considered, it must 
be conceded that the taxonomy of these fungi can be based on studies 
of pure cultures in a normal condition, even when it is impracticable to 
make comparison with material from nature. 

Fungi from nature also contain a great many abnormal stages. It is 
often very difficult to determine whether the material in hand is normal. 
As to what is normal or what is different from the rule depends in the 
end on the personal judgment of the investigator. 

Before proceeding to a general discussion of the “Criteria of the norm 
it may be stated that the investigations of the problem have shown that 
species of Fusarium, with and without the perfect form, make a normal 
growth in artificial media. In other words, pure cultures afford an effi- 
cient and convenient basis for taxonomic and pathological studies. 
Sterilized plant stems give a “mean proportional” of nutrition on which 
are developed the most characteristic stages without loss of vital power. 

CRITHRIA OK THK NOR.M 

A great variety of conditions are found in pure cultures, especially 
when different media are used, from which it is always necessary to 
select some and reject others. Although sterilized plant stems gave 
ordinarily a good growth, the shape, septation, and relative viability of 
the conidia depended largely on the quantity of water present in the 
culture, whether grown in light or darkness, whether transferred from 
agar or gelatin containing strong acids or alkalis, etc. For instance, in 
Gihhereila SauhineiU the cells of spores become barrel-shaped from the 
imbibition of water (PI. XIV, figs. // and K, 2) when septate conidia are 
transferred from a concentrated to a dilute medium. 

If, however, the conidia are dried out, a constriction takes place instead, 
with the result that the septa project ringlike (PI. XIV, fig. f, seventh 
spore). Under similar influences the ascospores react in the same man- 
ner, the cells become swollen (PI. XIV, fig. E, /), constricted (PI. XIV, 
fig. £, j), or remain unchanged (PI. XIV, fig. E, 2). Such reactions, 
although more striking in the living cells, are not confined to them, but 
may occur also in killed cells. Vacuoles are often formed in swollen cells, 
in mature chiamydospores (PI. XIII, fig. D), conidia (PI. XIV, fig. H), 
in plectenchymata (Pi. XU', fig. J), s-i^d in overwatered liyphse. Vacu- 
oles may occur also in unswollen cells (Pk XVI, fig. //). With some 
ejcceptions, such as in chiamydospores and plectenchymata, the produc- 
tion of vacuoles is rarely a characteristic of health and longevity, so that 
it is of doubtful value for the norm, especially when associated with 
swellings. 

There is a stage, howxver, w’hich is characterized by neither swollen 
nor constricted cells that occurs in conidia, ascospores, hyphae, and more 
or less in other organs of fungi. From a long experience it may be said 
that this stage has the highest constancy in average size, cim^ature. 



25 6 J ournal of A griculiural Research \’oi. ii, xo. 4 


scptation, color, and is further characterized by longevity. Therefore, 
this stage and all conditions favoring its production may be called the 
normal stage. 

The reliability of the taxonomic work on the Fusariuin problem 
depends, therefore, on the reliability of this criterion of the norm on 
which the results are based. If we rely on this test, attention must be 
given to diagnoses based on other criteria of the norm. Many descrip- 
tions doubtless include the measurements of swollen and constricted 
stages of conidia and ascospores and consequently show a much higher 
range of variation. The a\^erage size, of course, gives a smaller range 
of variation than the absolute size of particular spores. The diHi- 
culty is further increased by tiie fact that the average size can not 
be based on an average of spores produced on agar, or from a single cul- 
ture grown on stems, etc., for the reason that constant temperature, 
light, moisture, and atmospheric humidity can not always be produced. 
Even though all these environmental factors are constant, variation in 
the shape and the size of the conidia might result in subcultures by the 
transfer of a different type of spore. Inconstant environmental and other 
factors must be exj)ectcd both in nature and in culture. If the shape, 
the septation, and the color of the spore are more constant under some 
conditions than under others, this state may be regarded as normal, the 
swelling and constriction of spores as abnormal. 

An example; One conidium of Gibberella was 9-septate and 100 by 6/i 
in size; another which was 9-septate and witli swollen cells measured 
85 by Sjx, a third which was 2 -septate measured 10 by 2.5,«. These 
would give a range of variation as follow^s: 2- to 9-septate conidia, 10 to 
100 by 2.5 to S/i. The average of so-called normal spores was 3- to 5- 
septate, 30 to 60 by 4.25 to 5.5/x. 

According to Saccardo (1879, p- 5i3)b the 5 -septate conidia measure 
24 to 40 by ^fJt, w'hile in our Gibberella from wheat grains they average 
45 to 60 by 5 to 5.5/ii and have an absolute tluctiiatirm from 38 to 72 by 
4.5 to Oil. This fact shows that if Saccardo's diagnosis is based on the 
same fungus it includes only comparatively dry conidia. Thus, the 
results may be comparable if the influence of such factors as moisture 
is known. In this case comparison was simple because Gibberella is a 
characteristic fungus and can not be confused with any other. In species 
of Eusarium without known asciis stages it is more difficult, since it 
has been j)rove<l that most of the species arc ubiquitous, or at least are 
not confined to a special host. In order to identify these species, a large 
number of strains must be collected from different hosts and compared 
with the species described from these hosts in the literature, paying care- 
ful attention to the conditions under which the species arc found and on 
which the description is based. In many cases this was impossible, and in 


* Bibliographic citatioTis in parentheses refer to “ I.iteraturc cilcsl,” '){>. 4 R 4 -: 85 . 
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some the illustration and description gave complete data. The most 
questionable method, however, was to base identification of a fungus on 
exsiccatse alone. Dried specimens often contain stages collected from a 
moist location, drying out later, causing constrictions and other changes 
in the general shape and curvature of the spore so that even the col- 
lector would not always recognize his own specimens if he did not know 
the cause of these changes. The cross avails or septa of the spores in 
overwatered cultures are frequently absorbed, a condition often con- 
sidered as normal in old genera and many species of Fusarimn. It is not 
known whether species with long sickle-shaped conidia of tlie unicellular 
type exist in this genus, but it is evidently not the rule. Unicellular 
normal spores of the small ellipsoidal stage, however, exist in all species 
of Fusarium and form a normal stage in some sections, such as Hlegans. 
These unicellular spores aid in the rapid distribution of a disease. In 
other sections, such as Discolor and Roseum, the unicellular type is 
normal in particular species, but subnormal in most others. This fact 
shows that exsiccated specimens of Fusarium containing a mixture of all 
types of conidia do not allow an exact determination when they are 
collected from nature. 

I. FUSARIUM Link 
A. section M.U<TIKLLA^ 

[Spei-ies in section Marliclla are Fusarium solant (Mar! ) Sarc , F. mar/ji Ap|). and W olicnw-, F. 
coerulfum. (I.il).} Sacc.. and F. rtu/uia>iu. u, sp I 

Fusarium radicicola, n. sp. 

Diagnosis.— Conidia, nomially 3 -septate, may occur scattered in sporodochia or 
pionuotes, averaging 30 to 45 by 3.75 to jy; 23 per cent of the total number may be 
4-septate; 5 per cent may be 5'Sept3tc and average 40 to 39 by 4 to 5.25U. Chlaray- 
dospores,'? to lo/i, agree with those of other species of Ltie section Mrirtiella. 

Habitat.— On partly decayed tubers and roots of plants, such as Solamon luherosum. 
in Rurope and America (collected by Wollenweber) and Ipomoea baiata.^ in the United 
States of America (collected by Harter and Field). 

Fusanum radicicola (PI. fig. K) has the characters of the sec- 

tion Marticlla. The conidia are narrower than in Fitsamim solani 
(Mart.) Sacc. (sensu strict.), which has 3-5eptate conidia averaging 
30 to 40 bv 5 to Oa in size and are shorter and have fewer septa- 
tions than in F. mariii App. and M ollenw., which has 3- to 4-septatc 
conidia averaging 44 475 size. The plectenchy- 

matic mycelium is olive colored on sterilized potato tuber, with all 
shades from green to brown. The descri[)tion has been made from a 
strain isolated from an Irish potato tuber grown in 191:! on the Potomac 
Flats, near Washington, D. C, 

Fusarmm radicicola resembles slightly the conidial stage of HyPoniyces 
cancri (Rutg.), n. comb. (PI. XILl, fig. /), but has no bj^sc 

> The auti,or established th.se sections (\VulUnwelx>r, ,,1 w- tk. of tlv. .;«dcs and ref- 

erences to complete previous descriptions (.A ppU .'^nd W olK'uwebvT, wvj 
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(PI. XVI, fig. It is often isolated from Irish potato, especially from 
dry tubers affected with stem-end dry-rot. Sometimes it is associated 
with other organisms, but frequently seems to invade the tuber from the 
stolon before a cork layer has been formed to protect the stem end from 
outside infection. It has never produced the perfect stage. So far there 
is no sound basis for the supposition that it might be a strain of Ilypo- 
myces which has lost the power of producing the perfect stage. The 
fungus occurs in Idaho, Oregon, and California, and probably in other 
Western States, and also in all of the New England States except the 
most northern. Its presence on the sweet potato suggests that it might 
require a higher optimum temperature than its related species, such as 
F. solani and F, martii. Inoculation experiments with strains from dif- 
ferent sources are desirable in order to throw more light on the relation- 
ship of the above-mentioned fungi and their comparative effect on their 
hosts.^ 

B. SECTION DISCOLOR 

[Species in this section are Fusarium ducolor App. and Wollcnw., F. disc-olof, var, svlt'}rurev.t)t (ScbJecht.) 
App. and WoHcnw,. F . culntorum (W. G. Sen.) Saco. (Syn. F. rultitftnosum App. and Wollenw.). and 
F^ mcnmal'um (Rob.) Sacc.l 

Fusarium incamatum (Rob.) Sacc. 

FusisPorium mcarnalum Rob.; Desm., 1849. ^ Ann. Sci. Nat. Bot., s. 3, t. n, p. 774. 

Fusarium {FustsPonum.) incarnatum (Desm.) Sacc., 18S1. in Vichelia, v. a, no, t. P- 296. 

Fusartiim. inrarnalitm (Desm.) Sacc,, 3SS6, Syll. Fun^,, v. 4, p. ;ia, 

Fusarium incarr.alum De^m,, ex McAlp., rSgg. Funj;. Dis. Citr. Trees Austral., p. 106, fis. 141. 

Fusarium ntgip.rium yaci. (igia «« Bui. Soc. Mycol. France, t. aS, fasc. 4, p. 34(7-348, fig. 4} is probably 
a synonym ol F. incarnaium. 

Diagnosis, — As a rule no sporodochia, no pionnotes, and no chlamydospores, but 
olive bnown plectenchymata of remarkable longevity are produced. The conidia, 
formed into a salmon-colored powder, are embedded in a floccose lanate mycelium of 
the same color. The fungus therefore resembles Fusarium trickcthecioides Wollenw. in. 
general appearance. Subnormal conidia are unicellular or septate, rounded at the 
ends, seldom pointed (PI. XIII, fig. H, a). Normal conidia show characters of the 
section Discolor (PI. XVI, L), but are less curved and have mostly a conical (PL XIII, 
fig. H, b), seldom a pedicellate base. (PI. XIII, fig. H, c). Slender conidia (PL XIII, 
fig. H, b) occasionally are seen but should not be confused with the section Elegans 
(compare F. orthoceras). Triseptatc conidia measuring 20 to 25 by 3.5 to 4.5/1, and 
5-septatc conidia, 30 to 50 by 3.75 to 5/4, may be predominant; lo-septate conidia 
occur more rarely. The conidiophores, mostly irregularly branched, show sometimes 
slightly verticil late ramifications. Chlamydospores are seldom present and are 
formed intercalated from hyphae, or occasionally from conidia. 

Habitat.~A cosmopolitan species. It is found in the stems, leaves, fniits, toots, 
and especially the inflorescences. It occurs rarely on monocotyledons, but has been 
obtained from Zea, Asparagus, and Iris. This species is confined mostly to dicotyle- 
dons and has been found on the following genera; Agrostemma, Dianthus, Drassica, 
Lupinus, Citrus, Ipomoea, Hyoscyamus, Solanuni, Rhinanthus, Campanula, Aster, 
Tagetes, and Tussilago. It occurs in Europe, America, and Australia. 

> Compare also tlie notes under F. orikocefas, a species connected with jelly end-rot. a serious trouble 
in CaliforniH. 
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Desmazieres gave in 1849 a short and incomplete description of this 
fungus, calling it Fusisporium incarnatum Roberge, following the designa- 
tion given by Roberge, the collector of the original material, which con- 
sisted of affected inflorescences of Tagcies crecia.. In 1881 the fungus was 
transferred to Fusarium by Saccardo in Michelia; it also occurs in Sylloge 
Fungonira (Pis. XIII, fig. //, and XVI, fig. L). The best description of 
this cosmopolitan species is given by McAlpine (1899), who well illus- 
trated the conidia from a citrous stem. He found the fungus associate<l 
Gibber ella pulicaris in October, 1878, at Ardmona, Victoria, Australia. 
The present author, although basing this diagnosis on a strain from 
Ipoinoea, has compared pure culture strains from a wide range of hosts. 
In looking over the flowers in ornamental gardens late in the summer, one 
can easily see the pink powder formed by this fungus on plants such as 
Aster, Iris, Dianthus, Campanula, and Tagetes, It occurs on stems and 
inflorescences and is not confined to ornamental plants, as proved by its 
presence on the dead stems and seed bolls of Hyoscyainus, a wild plant 
common in the United States. Determinations of strains from sweet 
potato showed its occurrence on the roots. In Germany dead stems of 
Uupinus are also inhabited by Fusarium lYicarnaium. Although the 
effect of this fungus on the living plant remains to be worked out, its 
cosmopolitan and ubiquitous nature seems fully established by these 
comparative morphologic studies. 

A relative of Fusarium irrmrnalum, which often has been found 
associated with Gloeosporium, occurs on the fruit of the banana. This 
Fusarium, F. semilecium C. and Rav^, has smaller conidia and in the 
average fewer septa than F, incarnatum. Inoculation experiments are 
desirable to throw further light on the simultaneous relations of these 
organisms. This species is different from that described from carnations 
by Clayton J. Wight (1912), because it develops neither a lemon-yellow 
nor a wine-red color on rice; it has no true chlamydospores, and the pecu- 
liar cur\^ature of the conidia (Pis. XIII, fig. II, and X\ I, fig. L) gi’^es it a 
special place in the genus. 

Fusarium dianthi Prill. andDelacr. (Delacroix, 1901) also is not identical 
with our species. Its relation to diseases of Aster is also doubtful, 

Fusarium incarnatum is of morphologic interest because of the absence 
of sporodochia and pionnotes. Such species in general are less constant 
in form and septation than those with sporodochia, but successive trans- 
fers to fresh culture media, such as stems of legumes and tubers of potato, 
will establish sufficient constancy to justify the interpretation of the 
illustrated conidia (Pis. XIII, fig. and XVI, fig. L) as normal. F. 
incarnatum may be provisionally placed in the Discolor section until 
related stx!cics now' under investigation require a separation, which may 
be accomplished either by establishing a subsection of Discolor for them 
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or an independent section which could be called '‘Lanceolata” because of 
the conidia being lanceolate, especially when seen from the back (Pi. XII I, 

%//, 4 ). 

3- Fusarium culmorum (W, G. Sm.) Sacc. 

Fustsporium culmorum W. C. Stn., 1884, Dis. Kield and Curd. Croii^;, p, *08-210, fli;. 92. 
f ujcwiMW Sil;ri{>£iMn' Dclacr., 1890, in Bui. Soc. Mycol- France, t. 6, lasc. 2, ji, 99, pi, if, fis- r; Sacc., 
1892, Syll. Funjr,, v. 10. p. 726. 

Fusarium culmorum (W. J. Sm.) Sacc,, 1895, Syll. Fuiij?.. v, 11. p. 651. 

fusurium i.wia///2iM»t Mattirnlo (non Sacc.), 1897, in Mrm. B. Accad, Sii. Tsf. Bologna., s. j, t. 6, p. 677, 
fig. 16-17. 

Fusarium ruhi/ftnosum App. and Wollenw., igio, in Arb. Biol. .i\nit. f, Land-u. Forstw., Bd. 8, Heft i. 
p, io 3 , pi. I. 

Diagnosis. — Conidia scattered in sporodochia or in pionnote.s in masses ochreoiis to 
salmon colored, 5-septate, averaging 30 to 45 by 5.5 to j/i, seldom 3 to 4-septate, 
rarely with u larger or smaller number of septa. The slight constriction at the apical 
end and the pedicellate base of nonnal conidia make this fungus a type species of 
the section Discolor. Conidiophores in. sporodochia increase to repeatedly verticil- 
late ramifications with sterigmata and side branches as many as four in whorls. The 
mycelium thallus has a yellow acid modification (viz, on rice) turning violet with 
alkaline and a carmine -red basic one (viz, on wheat and potato tuber) turning yellow 
with acid. Chlamydospores intercalated, single, in chains or in clusters, averaging 
7 to 14.F in diameter. 

Habitat. — This species is found in Europe and North America on all parts of partly 
decayed plants. It is a wound parasite on cereals and causes scab and seedling 
blight (foot disease). It has been found on the following hosts: Zea, Avena, Triti- 
cum, Sccale. Hordeuni, Lupinus, Gossypium, Ipumoea, Beta, Solanum, Cucumis, 
Curcurhita, and others. 

This diagnosis is based on the original strain from an Irish potato 
tuber at Dahlem. near Berlin, described as Fusarium rubigijiosum by 
Appel and Wollenweber (1910) and is changed only in the minimum 
average width of conidia and in the distribution of the fungus. 

When the writer studied species of Fusarium on the potato in Ger- 
many, he isolated Fusarinyyi culmorum (PI. XVI, fig. /) from tubers 
afft'cted with dry-rot and described it as Fusarimyi rubiginosum App. and 
Wollenw. In pure culture it attracted special attention by its carmine 
color on steamed potato tuber. This color always indicated its basic 
modification, while the red turned chrome yellow with acids. An acid- 
yellow modification of the fungus, which turned violet by addition of 
alkali, appeared naturally on steamed rice. This fungus was noted by 
Schaffnit in his important studies of the ‘'Schnecschimmel” of cereals 
(Schaffnit, 1913); he stated a similar range of color shades and illustrated 
this organism very well. 

The conidia of this fungus are characterized by a thick membrane 
and very pronounced cross walls (septa). In maturity they arc of 
ochreous color, lighter in small quantities and darker when seen in 
masses, but in young culture, especially in moist pionnotes on potato 
tuber, they may have salmon shades. The presence of chlamydospores 
facilitates the determination when under certain conditions. The conidia 
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(PI. XVI, fig. /) resemble those of Gibberella Saubinetii (PI. X.VI, 0 ). 
The latter ascomycete has no chlamydospores, as pointed out by the 
writer (Wollenvvcbcr, 1913c, p, 31). This fungus did little damage on 
j)Otato tuber in several inoculation experiments. Its more destructive 
nature as a cause of damping-off of oats and wheat (Wollenvveber, 1913c, 
p. 45) has been established by E. C. Johnson (1914). L. H. Pammel 
(1905) and others have repeatedly called attention to I'u-sarium cubmorum 
as a cause of blight of wheat, barley, and oats in America, vSehaffnit 
(1913, p. 612) described similar effects of the fungus on artificially 
weakened seedlings of rye. 

We can not overlook the fact that students of the “vSchneeschimmel” 
and foot disease of cereals are still endeavoring to appoint perfect stages 
for species of Eusariuni. Vogc.s (1913) illustrates two species of Fusa- 
rium on cereals which vve easily recognize as F. metachroum App. 
and Wollenw. and F. cuhnorum and thinks he has proved the 
latter to be the conidial stage of Ophiohohis her polrklms Fr. (Voges, 
1912). The present writer, however, has studied Ojihiobolus in pure 
culture and grew normal perithecia on steamed sterns of Eupinus and 
on straw. No sickle -shaped conidia developed in pure culture from 
any of the stages of the fungus, and no Ophiobolus appeared in pure 
cultures of any of the species of Fusarium associated in nature with this 
ascomycete. Voges's studies do not seem to be based on sufficient 
successful pure-culturc work to withstand an unfavorable criticism of 


his conclusions. 

The writer was especially interested in the geographic distribution 
of Fusarium ruhiginosum, a study begun in Dahlem. He mentioned 
(1911 , p. 2 1) its occurrence on Zea, Triticum, and Avena. In the United 
States this fungus was sometimes isolated from Ipoinoea, but its pre- 
domiriauL presence on many cereals seems to indicate its better adapta- 
tion to the Gramineae, especially to those grown in the warmer part of 
the Temperate Zone. 1 hese facts made desirable a second revision 
of the described species of Fusarium on cereals, as a result of wliich it 
was found liiat the name F. rulminosum should give way to I . cvl- 
morum. The illustration (Smith, 18S4, fig. 92) leaves no doubt of its 
identity with this species. U has also been found in Frai^e, where 
Delacroix called it F. Sehribauxii. Mattirolo (1897). interesting 

studies on Ccrebella, seems to have worked with the same fungus. He 
calls it F. corallinuniSacc., but illustrates swollen conidia of F. cuhnorum. 

It may be noted that: the name. “Cerebella'’ refers to an old genus 
established by Cesati in i S3 1 . Among the various fungi connected with 
this stage, Fusarium spp. play a part, and Mattirolo’s studies suggest 
that it is the pionnotes stage developed by some sj)ecies which has 
caused the confusion with Ccrebella. 
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C. SECTION GIBBOSUM 

[Species in swtioJGibbosum aKFusarium gibhosuni Apx>. and Wollenw,, F./alcafum App.and Wollertw., 
F. scUrotiufn Wollenw.. p, camialum, n. sp., F. coiuiatum, var. votiiium, tt, var.l 

4. Fusartum caudatum, n. sp. 

Diagnosis, — Conidia with a tail or whiplike prolongated apical cell and a pedicellate 
base with well-marked heel, ochreous to salmon colored in mass, formed in sporodochia 
and in pionnotes; 5-septate conidia avers^ng 40 to 80 by 3 to 4.5/1, lower and higher 
septations more rarely occur. Brown chlamydospores, 7 to 14(1 in diameter, as a rule 
intercalated in chains or clusters, but frequently single if formed from the content of 
the cells of conidia under poor conditions, such as in water. 

Habitat. — On partly decayed stored sweet potatoes {I pomoea batatas) from Clemson 
College, S. C. (Collected by Harter and Field.) 

This species differs mainly from Fusarium gibbosum in having more slender conidia, 
with a prolonged apical cell and a less pronounced hyperbolic curve of the dorsal side. 

The hyperbolic curvature of the conidia, when seen in side view, is not 
as pronounced with Fusarium caudatum (PI. XVI, fig. M) as it is with 
F. gibbosum. This is due to the more slender form of F. caudatum. Ail 
the other characters point at once to the section Gibbosum. The long 
and whiplike projection of the apical cell, the pedicellate base, with the 
long foot adorned by a heel (PI. XVI, fig. M), the clusters and chains of 
chlamydospores, the formation of intra- and extra-cellular conidio- 
chlamydospores (see PI. XVI, fig. A, 4) in very moist culture conditions — 
all these are invariably connected with species of this section, such as 
F. gihhosum, F. sekrotium, and F. falcaium. The morphology of the first 
species is referred to; this is completely described by Appel and AVol- 
lenweber (1910). F. caudatum differs In having a more slender form, 
being longer and narrower when compared with F. gibbosum (30 to 60 by 
4 to 5.25/i)* The tail or whlpUke prolonged apical cell is a special char- 
acter of this fungus, which also forms an abundant pionnotes when single 
5-septate conidia are transferred to steamed potato tuber. 

A similar but higher septate species of the same section occurs on 
potato stems, but has more septa and conidia up to ioo;i in length. This 
and a strain from pine seedlings require more study before a definite 
determination can be made. 

However, a variety of Fusarium catidaium with more cui^Td and 
smaller conidia is added here and named F. camlatum, var. wlulum 
(PI. XVI, fig. P). Both forms are isolated only from sweet potatoes. 
Their frequency and distribution remain uncertain. 

Comparative studies on chlamydospores show that the section Gib- 
bosum deserves a higher rank in the genus than the section Discolor, 
although both show a remarkable development in the production of this 
hibernating form. Clusters and chains of chlamydospores are produced 
in species of both sections. They may even predominate if water has 
been liberally furnished. The simplest form of a chlamydospore is a 
globose or pyriform cell with a thick membrane consisting of at least two 
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layers in maturity. Two-celled chlamydospores, often produced among 
unicellular ones, are the first indication of a higher development. Irreg- 
ular, formless clusters consisting of many chlamydospores are still higher 
in rank, and the highest type seems to be that cluster distinguished by a 
true spherical form. Such spheres have been produced only in Fusarium. 
sclerotium Wollcnw. of the section Gibbosum (Wollenwcbcr, 1913c, p, 32), 
and all intermediate stages from the unicellular spore to this blue solid 
body could be obseiv^ed in pure cultures on steamed wheat heads and 
potato tubers. These bodies are doubtless true sclerotia. Their peri- 
pheric layer has large cells of dark -blue color. The central part is almost 
colorless and of sinall-celled parenchymatic structure when sclerotia 50 
to 80/t in size arc studied in cross section. 

The fact that these sclerotia can be traced back to unicellular chlamy- 
dospores proves the close relation of these two resting stages, and the 
unsuccessful attempt to produce a perfect form in this species leads to the 
opinion that sclerotia replace the perfect stage in this species of Fusarium. 
There is no basis for the conclusion that these massive bodies might repre- 
sent immature perithecia, because Gibbcrclla, Nectria, and Calonectria 
never have such a uniform structure in the center of the perithecia -in 
similar phases of their development. Consequently it may be concluded 
that the section Gibbosum has species with chlamydospores, such as 
F. gibbos^lm, F. jalcaium, and f. cmidaiitm, and other species with sclero- 
tia besides chlamydospores, such as F, sclerotium, but none \vith a known 
perfect stage. While the section Discolor has species with chlainydo- 
spores, it has none with sclerotia cond none with a knowm perfect stage. 

5. Pusarium caudatum, var. volutum, n, var. i PI. X\d, fig. J^}. 

Diagnosis. — Conidia 3- to 5'Septate, averaging 23 to 50 by 2.5 to 4;' in size. Coiiidia 
more curved, smaller, and fewer septa than. caitdalum. !)Ut agreeing in 

all other characters. 

Habitat.— On partly decayed stored sweet potatoes (//>c>wi7<'u baiotus), La Fayette, 
Ind. (Collected by ILirter and lield 

I). six'Tioy 

[Species in this sectioa are F. oxysporutn Schleclil ., hyio'rn.iYii'.’runi, n. s;>.: F. ifmhriphflufu S:iiith; 
F. vasinfeciuxn At’i.; F. b n'/j.T.vjVi Satr.; F. ni:rum Smith; F. uJolors Wollenw.; F. orlhncrros Aj.tp. anri 
\Vol]«iw.: F. .-.ir. PisrplJum, n. \ ar.; F. b.iljtnlis, ii. sp.; aad F. omfflu.'incn i WoUi-nn .] 

6 . Fusarium orthoceras App. and Wollenw. 

Fusarium (rrihoi'eras App. and W^illenw., ijjc. .-trb. Bio!. .V-n.-it. f. band- u, Torstw , Bd. S, Heft i, 
p. 1-307,10 fix , 3 P^- 

Fusarium crlkoc/.ras App. and Wolieiuv., Wollcn weber, I'j!.?, tn l’hytO!.>;)tlio!(>;Ty, v.3. no. t, i>. 30. 

Diagnosis. — Conidia as a rule unicellular, averaging 5 to 12 by 2.5 to 3.5/i, embedded 
in a cottony mycelium layer, often jellied with age. Mo sporodochia, no pionnotes, 
and no sclerotia. A few, not exceeding 15 per cent, of tlie conidia, averaging 25 to 
46 by 3 to 4/(, may be 3-septate. Septd zone nearly cylindrical, slightly curv’'ed at 
the apical end, which is unequilatcral-coiiical; the. base, is nearly straight-conical 
and may or may not end in a very* reduced foot; 4- and 5-septate conidia rare, averag- 
ing up to 50 by 4.0/1; conidiophorc with irregularly arranged sterigmata, seldom tri- 



furcate. The fungus is ochreous to salmon colored in light, in darkness it fades to 
brownish white, Thalloplectenchymata wine red in the acid modification (on rice) 
and blue spotted in the basic modification (on potato tubers); but sclerotial plec- 
tenchymata entirely wanting. Chlamydospores intercalated, globose to ovoid, 
I -celled forms averaging 7 to io;i, 2 -celled forms more rare but with a somewhat larger 
major axis. 

Habitat,— A cosmopolitan species. Inhabits the root system of such plants as 
Allium, Brassica, Ipomoea, Solanum, Capsicum, Apium, Citrullus. This species is 
espcci.ally abundant in North America, Probable cause of jelly end-rot of potato 
tubers and root troubles. 

In Europe this fungus is confined to the cooler part of the Temperate 
Zone. In Germany and Norway it is common on the tuber, the stolon, 
and other parts of the root system of Solanum tuberosum. In America 
at least 20 strains of this fungus from potato have been added to the 
writer’s collections, which were mostly transferred to him in pure culture 
for determination. The following States may be recorded as sources of 
this material: Tennessee, New York, Vermont, Maine, Ohio, Illinois, 
Iowa, Wisconsin, Minnesota, Washington, Oregon, California, and the 
District of Columbia. Furthermore, Fusarium orthoceras was sent wdth 
potatoes from Cape Colony, Africa, and from Chiloe, South America, also 
from Great Britain. These additional isolations proved its cosmopoli- 
tan nature. In the Bureau of Plant Industry, Washington, D. C., the 
fungus was frc(iueriLly isolated and determined from diseased plants, 
such as onion, cabbage, sweet potato, celery, and occasionally from 
watermelon (Citrullus) and sweet pepper (Capsicum). The determina- 
tion of this species is somewhat handicapped by the predomination of 
unicellular conidia, but repeated transfers and variation of media are 
sufficient means to provide sickle-shaped septate spores of typical form. 
The conidia and the chlamydospores, the mycelium with its jellied 
growth in old cultures, and its deep wine-red to purple-acid modification 
(turning blue with alkali) on rice allowed the final determinations 

Only a few, not exceeding 15 per cent, of the conidia are 3-septate, as 
indicated in the diagnosis of the type strain studied in Berlin. This 
low percentage of the characteristic sickle-shaped conidia was quite 
unifonnly found in many strains from the same or from different host 
plants. However, one strain out of several isolated from ipomoea bataias 
had as many as 100 per cent of 3-septate conidia (PI. XVI, fig. N) under 
the same conditions, where the other strains had but a few per cent of 
them. 

7. Fusariiun orthoceras, var. triseptatum, n. var. 

Diagnosis. — ^Differs from Fusarium orthoceras in having a higher septation of conidia, 
by the presence of sporodoehiu, and a reduced pionnotes. Under normal conditions 
as many as 100 per cent of the conidia are 3-septa.te. Ten per cent of 4- and 5-septate 
conidia are found. Unicellular conidia and chlamydospores occur and prevail under 
certain conditions. 

Habitat. — On jjartly decayed roots of Ipomoea batatas, Newark, Del, (collected by 
Taubenhaus, 2912). 
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In order to find whctlier or not one type strain of Fumiim orthoccras, 
var. iriseptatum (PI. XVI, fig. A'), could be split up into strains with dif- 
ferent percentages of unicellular and septate conidia, the \vriter sepa- 
rated 20 conidia from a subculture of a single spore and transferred 
each to a test tube on potato tuber. Some of these conidia were sickle- 
shaped and septate, but most of them unicellular. No dilTerences 
could be observed as to a remarkable increase of 3-scptate conidia, nor 
was there a sign of sporodochia. While the exceptional strain exposed 
to the same treatment did not degenerate to a strain with predominantly 
unicellular conidia, it produced sporodochia on stems in contrast to the 
type strain. It seems better, therefore, to separate this stmin provi- 
sionally from the others as a variety, unless this contradiction is cleared 
up by more advanced culture methods, 'fhe name “A. orthoceras, var. 
trisepiaium, n. var.,'’ is therefore proposed, 

Fusarium orthoceras and its variety are pro\usionally included in the 
section Hlegans, although their conidia have no true bottle-shaped 
apical cell and scarcely a pedicellate base, IncK'iiIation experiments 
are needed to ascertain whether or not this fungus is the cause of one 
type of jelly end-rot of potato tubers. In Watsonville, Cal., in October, 
1913, the writer found up to 80 per cent of Burbank potatoes in a large 
acreage affected by this peculiar soft rot, w^hich is quite dilTereiit from 
that produced by F. cocruleum and other species. Every year speci- 
mens with this disease are sent from California, especially from the 
moorland (called “tule district”) of the San Joaquin Valley. In tubers 
with the jelly end-rot F. orthoceras is often, but not always, associated 
with such fungi as A. radicicola, Mycasphaerella solani, Sporotruhbum 
flavissimuni Lk., Rhizoctonia, and also with bacteria. It may be repeated 
(Wollenweber, 1913c, p. 30) that F. orthoceras has been sent to the 
writer from various sources in pure culture under the name F. oxy- 
sporum Schlecht. ” and that F. gibbosiim has been sent under the name 
of the latter species. The complete descriptions and illustrations of 
these fungi will help to determine and differentiate them, and future 
inoculation experiments, based on these w'ell-known organisms, will 
succeed in reducing contradictory reports to a minimum. 

The section Elegans plays the most important part in the species of 
Eusarium on sweet potato because it comprises 4 species determined 
out of 16 strains from various sources, isolated and reisolatcd from 
Ipomoea. When all of them ^vcI■c at the height of growth, the morpho- 
logic characters were noted and illustrated. Then inoculation experi- 
ments, carried out by I. L. Harter and Ethel C. Eield, showed that 
strains reisolatcd from successfully inoculated plants remained as con- 
stant as in the old cultures. This has been proved to be so, and the 
considerable time devoted to get these results seems to have been well 
spent. Two years ago, when this study began, it was the opinion of the 
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writer that all strains belonging to the section Hlegans agreed closely 
enough to justify their determination as varieties of Fusarium vasin- 
fectum Atkinson. At the height of growth, however, the conidia differed 
in the finer form, the size, septation, and in color shades. The produc- 
tion of sporodochia and pionnotes, the color of mycelium, and such 
functions as the pathogenicity offered other determinative factors. Sec- 
ondary characters, such as the production of odors on steamed rice, 
wheat, and corn, also aided the differentiaton. Two species, their sub- 
cultures and reisolations, are proved to be xylem parasites by Harter 
and Field. These species produced wilt disease, while others refused 
to do so. The latter agreed in morphology either with F, oxysporum or 
with F. ortkoceras, the former differed and have been described as F. 
haUitalis and F. hyper oxysporum. The differences illustrated in Plate 
XVI, figs. D and F, and described in the diagnosis are striking to the 
writer, but he knows that there is one weak point which allows criticism 
of his opinion. He was unsuccessful for two years in the attempt to 
transform one of these fungi into the other. However, it is of funda- 
mental value and of vital importance in the classification to find out 
wliether these conclusions are right or wrong, and strains of tlie various 
fungi of this section will be available to anyone who may care to throw 
further light on the complicated problem of drawing the border line 
between species, subspecies, varieties, and subvarieties, or proving that 
border lines do not exist to the extent claimed in this paper. 

It seems at first probable that there is only one fungus causing the same 
disease on one host, but okra (Hibiscus esculenius) and eggplant (Solanum 
melongena) are attacked by Vertidllium in one district and by Fusarium in 
another district, although the wilt symptoms are so similar that isolation 
and study of the parasite are the only means of deciding which fungous 
genus is connected with the trouble in each case. Furthermore, at least 
three serious wound parasitic species of Fusarium cause potato tuber-rot. 
Here, also, the isolation of the fungus, not the general appearance of the 
tuber, decides the question which parasite does the damage, In some 
cases tlie climate and methods of cultivation are essential. They offer 
ideal conditions for one fungus, but not for the other. But this is not 
always so, and the zone of distribution of one fungus overlaps that of the 
others. These facts may become important for the control of disease, 
and the good results performed by an exchange of seed may not be due 
simply to climatic factors, but to the weakening of parasites by a change 
of their optimum environmental conditions. Of course, a change of 
climate may be fatal to the fungus and its host, but there is no reason why 
It should not be supposed that a zone exists where the host thrives well 
and the parasite degenerates. Often, however, if one parasite has been 
successfully controlled, there will soon be another. Control methods may 
be greatly aided by a careful study of the parasites. In finding what is 
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normal, abnormalities and conditions which lead to them may be deter- 
mined. Abnormalities of one fungus, unfortunately, may resemble the 
norm of another. Without studying the criteria of the norm, two fungi 
may be mistaken for one. Literature show's that this error leads to more 
trouble than the mistake of drawing too siiarp a Iwrder line between 
closely related species. 

Fusarium baUiiahs differs from F. hyperoxysparum. The conidia of the 
former are 1 1 to 13 times longer than broad (Pi. XVI, fig. D), while those 
of the latter are 8 to 9 times longer than broad (PI. XVI, fg. F). The 
apical cell is slender in the former, while bottlc-shaped in the latter. 
The base of the latter is more pronouncedly pedicellate than in F. haiataiis. 
The microconidial stage prevails in F. haialaiis, giving the pure culture on 
steamed potato tuber a powdery appearance. However, a few of the 
larger septate sickle-shaped conidia will be found scattered among 
microcoiiidia. These macroconidia (Pi. XVI, fig. D), repeatedly selected, 
and cultured separately, will result in the reduction of the microconidia 
and the aerial mycelium to a minimum, so that a perfect pionnotes 
(PI. XII, fig. B) can be produced on the very same substratum. This 
pionnotes produces abundant chlamydospores (PI. XV' I, fig. B) and 
redevelops microconidia in old age (PI. XVT, fig. C), which look like a 
parasitic growth on the spore slime of the former. There is no difficulty 
in favoring the production of a particular stage, and one stage can easily 
be transformed into the other, but the constant tendency to fonn micro- 
conidia is characteristic of this fungus. In order to study the stroma, 
transfers of mycelium or microconidia w'ere made to potato cylinders. 
The fungus rapidly formed a thallus-like layer (stroma) covering the 
surface of the substratum. When the potato was sufficiently deconv 
posed and its water consumed by the fungus, the stroma became shriveled. 
Blue blisters of sclerotial structure smaller than a pinhead appeared at 
this time by hundreds within the stromatic layer. These sclerotial 
bodies (Pi. XII, fig. A ) correspond to the stroma of sporodochia as proved 
in parallel cultures on steamed stems of sw^et potato, potato, or sweet 
clover. They develop within the epidermis of the stems and often 
push through in order to develop a convex layer of the sickle-shaped 
macroconidia. The stromatic t hall us on potato tuber is unnecessary 
for the fungus on stems, and is replaced by endodermatic hyphae which 
develop the sclerotial base of the sporodochia described . The blue bodies 
having a plectenchymatic structure may be called sclerotial plcctenchy- 
mata. If they are spherical, as in F. sclerolium, the writer has called 
them sclerotia, and there is reason enough for not drawing too sharp 
a distinction between these different types. 

The blue color turns red with acids, and a wine color on steamed nee 
(PI. XII, fig. 0 which turns blue with alkali shows the reverse effect of 
the reaction the fungi produce when grown on different media, 
4753i*"i4— -2 



268 


Journal of Agricultural Research 


Vol. n. No. 4 


Fusarium hyperoxysporum has larger but fewer sclerotial bodies on 
potato tuber. Consequently the sporodochia are larger in this species 
than in F, baiatatis, A lilac odor is present in cultures on rice, also on 
potato tuber, but weaker, while F. baia/aiis has a weak alcoholic odor. 
A perfect pionnotes can be easily produced with F. hyperoxysporum on 
potato tuber, but is always accompanied by or embedded in aerial myce- 
lium. This fungus resembles more closely F. oxysporum, which, how- 
ever, does not produce wilt disease on Ipomoea. While F. batafatis is 
related to F. orlkoceras, it differs in characters of the sporodochia, which 
may be compared in the diagnosis. A number of finer details can be 
found. 

8. Fusarium batatatis, n, sp. (Pis. XII and XVI, figs. A-E). 

Diagnosis. — Conidia both scattered and in sporodochia or pionnotes, when scat- 
tered mostly unicellular. Conidia mostly ^-septate, rarely 4- and 5-septate, when 
in sporodochia or pionnotes ochroous to salmon colored. Brown chlamydospores and 
blue sclerotial plectcnchymata present. Conidia measure as follows: Unicellular 
forms, 5 to 12 by 2 to 3-5/1; 3-septate, 25 to 45 by 2,75 to 4^; 4- to 5-septate, 37 to 50 
by 3 to 4«. Brown chlamydospores, 7 to ion thick and similar to those of F. orthoceras. 
The septate conidia arc of the same size as corresponding conidia of F. orthoceras and 
differ in shape from F. oxysporum in being a little more slender. The blue sterile 
sclerotial bodies at the base of the sporodochia have a blister-like appearance between 
the felty powdery dry stroma of scattered conidia and push either through the epi- 
dermis or stems or the thallus covering the substratum. According to recent investi- 
gations of L. L. Harter and Ethel C. Eield, this species causes the wilt (stem-rot) of 
Ipomoea batatas by invasion of the fibrovascular bundles of the stems and roots. 
(Collected by Harter and Field.) 

p. Fusarium oxysporum Schlecht. 

Fusartum Diysporum Schlecht., 1S24, FI. Bfroh, pars 2, p. i.3<5. 

Fujariur/n oiysporum Schlecht,, Hrw . Sm. and D. B. Swinp., ir;o4, in U. S. Dept. Agr. Bur. Plant Indus. 
Bul. 55, 64 p., 8 pi. 

Fvsartum viyspoTUm Schlecht., Marms, tqtt, in Ohio Art. Exp. SOa. Bui. 225, p, 299-336, illus. 

Fusanum oxyspenum Schledit., 'Wcilleiivv., 1913, in Phylciijalhokigy, v. 3, no. 1, p. 2R, 40-45, illu.':. 

Diagnosis. — Conidia both scattered and in sporodochia or reduced pionnotes, in 
mass ochreous to salmon colored. Unicellular conidia, 5 to 12 by 2 to 3.5K; 3-scptate, 
rarely 4- and 5-scptate, conidia from sporodochia, 25 to 42 by 3.25 to 4.75/t. Sclerotial 
plectcnchymata. blue with rough surface or even splia?rostllbe-like projections. 
Brown chlamydospores, 7 to lo/i in diameter. This species has a slight lilac odor on 
steamed rice and milk. 

Habitat. — A vascular parasite, cause of wilt disease, but not tuber-rot, of Solanum 
iuhausum in the United States of America, districts of South America and Australia. 
Also found on various hosts, such as Lycopersicum, Vigna, Pisum, and Ijxuiioea. 

10. Fusarium hyperoxysporum, n. sp. (PI. XVI, F). 

Diagnosis.~In morphology of various spore forms and the slight lilac odor, this 
species agrees with F. oxysporuvi, but differs in having a perfect pionnotes. This 
species, however, differs biologically from F, oxysporum, since it has been proved by 
L. L. Harter and Ethel C. Field to cause a wilt disease (stem-rot) of Ipomoea batatas, 
but not of Solanum tuberosum. On the other hand, F. oxysponwi causes the well- 
kno-viii wilt disease of Solanum tuberosum, but is not infectious on Ipomoea batatas. 
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[Spec-ies td this peclion arc f. suinilaivm Aju). and WoIImw., F. metachrourn Adji. and Wt^lU-tiw.; F, 
fruiTtfccteiis Ostw.; and F. aruminutuin, lill. and Ivv.} 

11. Fusarium acuminatiun Ell. and Ev, 

fusanum oiuminatum. EH. and Kv,, 1S96, in Proc. Acad. Nat. Kci, Phila., JS95, p. 442. 

fusartum acuminatum Ell. afld Ev., Sacc,, 7?^, Syli. Fun;;., v, p, 

Diagnosis. — Conidia, scattered, in sporodochia or in pionnotes, orange in mass. 
Conid'.a average as follows: 5-s<;ptatc, 40 to 70 by 3 to 4.571; 4-scplat:e (less common), 
30 to 60 by 3 to 4.5/t; 3-septate, 20 to 45 by 2.75 to 4.25/i. Conidia of o-, i-, 2 -, 6 - and 
7-septations are occasionally found. Subnormal small conidia may he mistaken for 
conidia of the section Discolor, but nQnn.al sporodochia develop on repeatedly whorl- 
likc branched conidiophores, giving the characteristic conidia of the section Roseum. 
The conidia show in side view hyperbolic or parabolic curves, in contrast to Fuyanum 
mdachroum App. and Wollcnw. , the conidia of which arc as a rule more nearly straight. 
Blue globose sclerotia, 50 to 70/t thick, occur and form a striking contx.’isfc to the car- 
mine plectenchymatic th alius on starchy media, such as steamed potato tubers. 
Both blue and carmine are basic modifications of the fungus, while yeDow (on rice) 
is the acid one, turning blue to purple violet with the addition of an alkali. 

Habitat. — Occurs on partly decayed plants, especially on stems, roots, and tubers, 
also on fruits. Found on Solanum, Ipomoea, Fagus (beech nuts), and Impatkns hal- 
samina in the United States of America. 

Conidia of Fusarium acuminatum (PI. X VI, fig. G) have the parabolic 
dorsal and ventral enn-ature which is characteristic of the section 
Gibbosuin, but less pronounced in the section Roseurn. Gibbosuni, 
however, requires the presence of chlamydospores and the absence of 
carmine mycelium, while this fungus has no chlamydospores but carmine 
mycelium. Therefore, it has to be classed under the section Roseum. 
The mycelium becomes yellow on steamed rice. This acid yellow modi- 
fication turns violet with alkali. Tliis fungus is more distributed on 
Solanum than on Ipomoea and has also been found on Impatiens and on 
beech nuts (Pagus) in the United vStates. Its conidia (PI, X\T, fig. G) 
arc more curved and more swollen towards the middle of the septal zone 
than F. mfUichroiim, but a remarkable relationship to the latter can not 
be overlooked. 

The strains from Solanum and from Ipomoea agreed in all respects. 
The diagnosis is derived from a strain isolated from a potato tuber, but 
many isolations of the same fungus are made from potato stems. The 
strains from beech nuts and Impatiens were a little more slender and had 
a whiplike prolonged top cell often n'sernbling that of Fnsarmnicaudatuin. 

Ellis and Everhart (189G) described Fusarium aenmimtum as follows: 

Sporodochia gregarious, minute, white at first, then fiesh- colored, O^nldia falcate, 
attenuate-acuminate at each end, 3-5, exceptionally 6 septate, nut constricted, arissng 
from slightly elongated cells of the proligerous layer, in which respect it differs from 
the usual type of Fusarium, . , . 

Saccardo’s translation (1899) of this diagnosis in Sylloge Fungortiiii is: 

Sporodochiis grcgarii,«;. niiniitis. ex albo carncis; conidiis falaiiis, utrijiqtie attenuato- 
aeuniinatis, 3-5-, rarius 6 septatis, ad septa lun constrieiis, e cthiuis sm.Ciongatis 
oriujidis. ?Iab, in cav.Ubus \'ivis Solani tuberosi, Xcw \urk, in .'Irnerica boreali. 
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This description is incomplete, like many others, but the writer found 
this fun^s so widely distributed on potato stems in the New England 
States that he feels justified in identifying it as Fusarium acuminatum^ 
Blue sclerotial plecLenchymata appear in pure cultures on stems of Meli- 
lotus, Zea, and a blue color occasionally develops in spots on plecten- 
chy malic bodies on potato tuber and wheat grains. 

ir. HYPOMYCES (Fr.) Ttil. 

12. Hypomyces ipomoeae (Hals.) Wolleriw. (Pis. XIII, figs. A-G; XV, fig. A, i- 6 ; 
and XVI, fig. H). 

Nedria if>omceae^ Hals., 1S52, in N, J, Arc. Iixp. SU.. 12th Ana. Rpt., iSgi, p. fiu, 20-22. 

Creonfdria iponweae, Scaver, 1910, in N. Ainer. FI,, v. pt, i. p. 22. 

Nedria coffeicola, Zimm., 1901, tn Ccntbl. Hakt. (etc.), Abt. 2, Bd. 7, No. 3, p. loj-iofi, fig. 6. 

Hypomyces ipomoeae (Hals.) WoHenw,, 1913, in Phytopathology, v. 3, no. i, p. 34. 

Ncctria saccharma. Berk, and Curt., iW>9, in Jour, Linn. Soc. (Londonl, Bot., v. 10, p. 37R, no. 766, is 
probably a synon^tn of II. ipomoeae. 

JVfdn'o GoroJcAofl A rnicno, Wahrl,, 1*86, »n Bot. Ztg., Jalug. 44, No. 29, p. 503, pi. 3, fig. 17, 5a, 23, ia 
probably a synonym of II. ipomoeae. 

Diagnosis. — Peritheclal stage: Peritliccia scattered or gregarious, free on the surface 
of the host as well as embedded in mycelium or on a distinct plectenchymatic stroma, 
ovoid, subconical, subflask-shaped, averaging 225 to 375 by 175 to soo^u. Peridium 
strongly verrucose , owing to protuberance- like projections of cell groups, red to reddish 
brown, except tire almost colorless conical beak. A few paraphyses line the inner 
wall of the throat from the ascus ball to the ostiolum. Asci up to over a hundred in 
each perithecium, intermixed with a few more celluled paraphyses. Ascospores, 8 in 
onerowor irregularly in two rows, a-celled ovoid to ellipsoidal with wrinkled exospore, in 
mass brownish white; one septum, average size, 10 to 13 by 4.5 to 6;t, imdermoiat over- 
ripe condition slightly constricted at the septum. Conidial stage: Conidia scattered 
in sporodochia or pionnotes, of nearly cylindrical shape at the septal zone, slightly 
jx>inted and curved at tlie ends, base pedicellate without a distinct heel. Conidia, 
3 to 5 septate; 3-septate, 30 to 45 by 3.73 to 5/1 ; 5-septate, 45 to 70 by 4.25 to 5.5/1. Of 
the total number, 30 per cent may be 6-septate, 10 per cent may be 7-septate, with an 
average size up to 70 by 6/1. In young, moist, and himger stages imicellular conidia 
occur, averaging 6 to 12 by 3 to 4.75,u. Color of conidia masses browmsh white, occa- 
sionally impregnated with blue, a mycelium color, especially formed in the plecten- 
chymata. Conidiophores verticillately branched, Chlaniydospores globose or ellip- 
soidal, terminal and intercalated, mostly unicellular and scattered, average diameter, 
7 to lO/i. 

This diagnosis is derived from subcultures of a strain isolated by Dr. Donald Red- 
dick, of Cornell University Agricultiual Experiment Station, from a badly rotted 
sweet potato sent him on April 30, 1907, by }, M. Van Hook, of the Ohio State Agricul- 
tural Experiment Station, Wooster, Ohio. 

Habitat. — Saprophyte on dead parts of plants. Probably a cosmopolitan and ubiq- 
uitous species. Found in North America on Solanum melongena. New Jersey; 
Ipomoea haiatas, Clemson College, S. C.; and Vineland, N. J. {h. h. Harter and Ethel 
C. Field, 1912): Newark, Del. (J. J. Taubenhaus, 1912). Also in Asia on Coffeaarabka, 
Melia azedarach, Theobroma cacao (fruit), Java (Zimmerraann, sub Nedria coffeicola, 
1901); Glycine kispida Max., Phaseolus mungo, \nT . subtrilobata Province Higo, Japan 
(Yoshino, 1905). In Africa on Cinchona (Zimmermann, sub Nedria coffeicola, 1904). 
In Europe on Orchydeae (roots; Wahrlich, sub Nedria Goroschankiniana, 1886). 
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12a. Hypomyces cancri (Rutgers), n. conjb.i [Pis. XIII, j, and XV, B-C). 

Ntdria cancnKxxii.. 1913, in Ana. Jard, Bat. BLiten..or(;, v. (s. s. v. 12) pt i p s/ 

JDiagnosis.-lB general appearance this species resembles fIypomy.es iponweae, hvt 
differs m having a lotvcf average septation of the corm! ia. larger perkhecil and 
ascospores, _ Contrary to //. ipomocac, the eonidial stage, especially sporodochia and 
pionnotes, is more prevalent than the ascigerons stage. Perithecia average 
by .75 as^spores average loto isby stob.jynnsi.c; cornel k largely 

in!k?) 

Habitat,-~Cta Cimkered bark of Thcohroma ccuao in ]avu (Rutgers), on dead tap- 
roots of C annafiu sahva , Potomac Flats, Wasliington North America ( Wollcn w ) 
Tins diagnosis is based on pure cultures of the strain isolated from Cannabis 


Hypomyces ipomoeae, tt'ell known as Necfria ipommie Halsted (1892) 
has both true chlamydospores (Pk XIH. fig. D) and eonidia of the shape 
described for similar Hypomyces, such as IL solani Reinkc and Perthold 
(1S79). Such chlamydospores are lacking in pure cultures of Nectria, 
as proved by tfie writer for the sections Wilikommiotcs and Tubercu- 
lariastrum (Wollenweber, 1913b, p. 203-204, 226-229). A transfer of 
N. iponweae to the genus Hypomyces is therefore advocated (Wollen- 
weber, 1913c, p. 34). Since further taxonomic discussion on this fungus 
will be aided by more complete descriptions, additional notes and illus- 
trations (Pis. XI U and XV) have been given here. 

This saprophyte, now known to be cosmopolitan and ubiquitous, has 
crossed the path of various pathologists who always thought it was a 
new species when they isolated it from other hosts than eggplant and 
sweet potato. So long as the opinion of its parasitic nature prevailed, 
an adaptation to particular hosts could be supposed, but its saprophytic 
nature established by Harter and Field for sweet jx-tatoes and eggplants 
and by the writer for eggplant leaves no doubt of its indifference regard- 
ing the host. 

In pure culture the easy and rapid development of perithecia on almost 
any steamed vegetable recalls the similar omnivorous conduct of other 
saprophytes, such as Helanospora and Chaetoinium, while Gibherella 
Siuibinetii and Nectria discopiwra favor some media more than others for 
the production of the perfect form, and Nidria yalHgemi and Cahmeftia 
gramuiicola require a careful selection of media for the completion of their 
life cycle in pure culture, 

Hypomyces iponweae has been studied in a number of strains from 
Iponioea, sent from Oliio, Delaware, and New Jersey, and isolated by L. 
L- Harter and Ethel C. Field, Bureau of riant Industry; J, J. Taubenhaus, 
Delaware Experiment Station; and Dr. Donald Reddick, Cornell Experi- 
ment Station. No essential differences could be detected within two 
yearti, and it should l>e noted that Reddick's strain lias been carried 
through culture.^ since 1907 without showing any degeneration or any 

* fhis funpis from hctiip, althau^fb iujI yit on sweet r>i!'!..ita, has liem <!it,ens-;t'fJ in connection 
tvith ipinrwiiic, ODci it was thout'iu advisable to yi\ c a short Oescriplion. 
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change in its known characters. Si:>metimes the production of conidia 
preceding that of the perfect form is more abundant and lasts longer in 
one culture set than in another of the same strain, but the constancy has 
been found a function of the constancy of method and medium. The 
conidia showed a remarkable constancy in shape and size (PI. XI II, 
fjg. G) and had 3 to 5 septa. There was, of course, a fluctuation in the 
percentage of 3-, 4-, and 5-scptatc conidia, depending on the medium 
itself and on the age of the culture. Once the triseptate conidia prevailed, 
and sometimes the quinquCvSeptatc conidia prevailed, but this fluctuation 
is constant even if 5 -septate conidia are transferred separately. In other 
words, strains can not be grown with only 5 -septate conidia by repeated 
selection of 5-septate conidia from a fungus with a normal fluctuation of 
3- to 5-septate conidia. 

In overwatering Hypoviyces ipomoea-e, its septate mature conidia 
swell and germinate if sulTicient food allows further vegetative growth. 
If the medium is very dilute so that macroconidia can not be formed, 
mieroeonidia will take their place (PI. XI IT, flg. F). While in almost 
pure water chlamydosporcs similar to those known in the section Martiella 
of Fusarium appear on hyphse (Pi. XIII, fig, D, 1-3) or within conidia 
(conidio-chlamydospore, PI. XIII, fig. F, 4). A transfer to a better 
medium, such as potato tuber or stems of legumes, will be helpful to pro- 
duce pcrithecia. The young perithecium illustrated in Plate XlII, figure 
E, originated from a side branch of a proliferous hypha. The same spiral 
rolling up can be seen in Ncocosmospora. The fungus requires 10 to 14 
days for the mature red perithecia (PI. XIII, fig. C) to disseminate their 
ascospores. If in the meantime cross sections arc made from pcrithecia 
in various stages of their development, the asci and their remarkable 
variations from cylindrical to clavate forms can be followed (PI. XIII, 
fig. B). Paraphyses appear occasionally, but in many preparations they 
are invisible, owing to their fragility and scarcity. Perithecia may be 
illustrated with prevalently cylindrical asci, with the. clavatc form, and 
with mixtures of both types, depending on the water content of the 
culture and other conditions. The shape of the asci is so modified by the 
elasticity of their membrane that this character dr)cs not seem to be. of 
taxonomic importance. Water influences the outline of ascospore.s. 
Barrel-like, sw'ollen cells (PL XIII, fig. . 4 , 3) indicate either ovennaturity 
in the presence of too much water or the stage before germination. If 
the medium is exhausted with water still present, a separation of the two 
cells can often be seen (Pi. XI II, fig. A, 4), This resembles Hypoerea. 
A slow desiccation of the culture performed after the maturity of the 
perithecia prevents a swelling of the ascospore and normal mature spores 
of ellipsoidal shape will prevail (Ph XIII, fig. A, i). Complete dryness 
decreases the turgescence, so that mature cells become conical with 
rounded top. Immature spores, however, may look more pointed then 



because their clelicaLe membrane can not withstand the increasing 
pressure to the same extent. 

The influence of water has to be fully studied in order to understand 
these morphologic changes. The peridium of perithecia may be almost 
smooth when the lack of water prevents further growth of its cells. If 
the water and food supply, however, allow further development, pro- 
tuberance-like projections will show the permanent activity of the ])eri- 
pherical cell complications. Also the periphyses will prolongate and 
form a compact cone adorning the perithecium with a beak. This beak 
is almost colorless and contrasts therefore with the red color of the perid- 
ium (PI. XV, fig. A). The ostiolum at the top of the beak accumulates 
the ascospores as soon as the gradual drying out of the medium exerts a 
pressure on the ])eritheeium. The peridial cells dry out and shrink, 
pressing the content of the ascus ball through the throat out of the ostiolum. 
Here they accumulate in a brown mass (PI. XV, fig. A, 2 and 4). if the 
ostiolum is closed so completely that a higher pressure is required, the 
ejaculation is more explosive and the ascospores are shot out to several 
millimeters distance. This agrees exactly with the description given by 
Dr. Erwin F. Smith for Neocosmospora. Also, the stroma of our 
fungus is as variable in every respect as in Neocosmospora. It may be 
reduced to a minimum or grown as a thallus-like effuse layer. 

Hypomyces ipomoetiF, may be a good example for discussing taxonomic 
difficulties. The diagnosis of this sweet-potato fungus, based on pure 
cultures, agreed closely with that of Nectria cofic. icola Zimmermann (1901), 
a saprophyte on Coffca and Theobroma, also with Neciria Guroschank ini- 
ana Wahrlich (1886) from roots of Vatn^a tricolor , to some extent 
with Nectria cancri Rutgers (1913) from Theobroma. All these fungi 
were well illustrated by the authors, but mostly from field material. 
The differences shown in the following list between ineasuremenis from 
different authors will be understood from a discussion of their origin. 

There are two methods of measuring spores, one of which gives the 
absolute size, the other the average size; the former comprises a much 
larger fluctuation of the spore size than the latter. Ihe absolute fluc- 
tuation, therefore, is likely to include young and immature spores, which 
are smaller and less characteristic than normal mature spores. Ihis is 
esixrcially the case when the relations bei ween size and age^and septa- 
tion are neglected. Immature ascospores may be comparatively small, 
3 to 5/i in diameter, but broader, 5 to 6/9 in maturity, and still broader, 
6 to 8/f, in germination or from overwatering. I'iie absolute fluctuation, 
3 to 8/1, is too large to be of any taxonomic value, but the fluctuation of 
the average breadth, 4.5 to 6/9 has some value because it reduces m a 
measurable way the limits of the absolute flueLuation. I'his reduction 
can be performed by measuring repeatedly hundreds of spores and taking 
the average size of each hundred. Vith cultures in diflerent ages, 
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other averages with deviations from tlie first series would be obtained. 
With the same fungus on other substrata we may get still more devia- 
tions. In summarizing all results, we get the fluctuations of the average 
size. Experience has shown that we do not need hundreds, but merely 
TO spores from each difTerent culture condition in order to get the normal 
fluctuation of the average size. 

Hypomyces ipomoeae (Hals.) "Wollenw, from roots of ipomoea batatas 
gave in pure culture the following average fluctuation of various stages : 

Culture 30 days old on steamed potato tuber: 

Peritliecia, 250 by 200^4; ascosporcs, n by 5 to 5.5/1; 3 -septate conidia, 33 by 
4.25/1 {6 per cent); 4-septatc, 42 by 4.75/1 (i per cent); 5-septate, 55 by 5.25/1 
(56 per cent); 6-septalc, 61 to 5.5/1 (31 per cent); 7'SeptaLe, 66 by 5.5/1 (5 
per cent); 8'Septate (i per cent). 

Culture 30 days old on stesmed potato tuber: 

Peritliecia, 365 by 302/t; ascospores, 13 by 5.75/1; o-septate conidia, 12 by 3.5/1 
(30 per cent); 3-septate, 33 by 4.25/1 (60 per cent); 5-septate, 49 by 4.75/1 
(to per cent). 

Culture 23 days old on wheat heads; 

Perithccia, 296 by 253/1; ascospores, 13 by 5/1; o-septate conidia, la by 3.25/1; 
3-septate, 36 by 4.5/1; 5-septate, 60 by 5.25/1 (go per cent); 6-septate, 66 by 
5-2 5 ;^- 

Culture 45 days old on cotton stem : 

Peritheeia, 290 to 338 by 197 to 223/t; ascospores, 12 by 5/1; 3-septate conidia, 
35 by 4'25/^ (.^8 per cent); 4-seplatc (35 per cent); 5-septate, 59 by 4.5/1 (25 
per cent); 6-seplate, 58 by 5/1 (i per cent). 

Culture 14 days old on straw; overwatered: 

Perithccia not measured; 5-scptatc conidia, 10 by 5. 5/1 (100 per cent). 

Culture 14 days old on boiled rice: 

Peritheeia absent; conidia unicellular, 6 to 10 by 3 to 4.75/1. 

Culture 20 days old on sterile water: 

Chlainydospores, 7 to lou; originated from conidia. 

The average size was higher in the presence of water than under dry 
conditions, but the number of septations could occasionally be decreased 
by ovenvatcring. This tabic shows the fluctuation of average size and 
percentage of ccpiiscptatc conidia, indicating that 5-septate conidia 
prevail, being closely followed by 3-septate ones. Of all conidia 31 per 
cent may be 6-septate, to per cent 7-septate, i per cent 8-septate, but this 
is very seldom, and 3- and 5-septate spores will always be predominant 
in maturity. Young cultures bear more unicellular than septate conidia. 
The average size of equiseptate conidia is more constant than that of 
unequiseptate conidia. The perfect form of the fungus offers less difficul- 
ties, although fluctuations in llie average size of jTerilhecia may be con- 
siderable. Ascospores fluctuate but little, except when immature spores 
arc included in the measurements. These measure 3 to 5.75/x in diameter, 
while mature ascospores average from 4.5 to 5.75/1. 

The following list of ascomycetes shows the relationship to Hypomyces 
ipomoeae: 
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Neciria Goroshankiniana Wahrlicli (1S86): 

Pcnthccia, 360 by ascospores, t 2 to 15 by 4 to 5/1; conidia (subnormal), 
20 to 30 by 3.3 to 4.4;i; chlamydospores described, but their connection with 
the perfect form unproved. 

Neciria coffeicola Zirnm. (1901): 

Pcnthccia, 300 to 400/i; ascospores, 10.5 to 13.5;^; 3. to s-septate c-onidia, 40 
to 50 by 5;t, chlamydospcjres ( ?) 

Hypomyces ipomoeae (Hals.) (1892) W’ollenw. (1913c'): 

Perithecia, 200 to 425 by 150 to 350/1 (absolute fluctuation); ascospores, 8 to 
16 by 3 to 8/i (absolute fluctuation), 3- to 5-septatc conidia, 30 to 70 by 3.75 to 
S.5/i (average fluctuation); chlamydospores, 7 to io/.i. 

Neciria cancri Rutg. (1913): 

Perithecia,^ 4M to 500 by 300 to 400/1; ascospores, ro to 13 by 3 to 5/1; 3- to 
5-septate conidia, 30 to 60 by 3 to 5/1; chlamydospores (?) 

The illustrations of these fungi agree closely in the general appearance, 
but in the size of perithecia, ascospores, and conidia dilTerenees are 
observed. Some of these may be due to the special condition under 
which the fungus was collected or grown; others may be constant. The 
fact that fungi looking alike at the first glance will be proved different in 
pure culture became evident to the writer when he found on the taproot 
of Cannabis saiiva a fungus with perithecia resembling those of Hypo- 
myces ipomoeae. When this organism was studied in pure culture for a 
year, measurements of all spore stages were made. As is seen in the 
diagnosis, this hemp fungus developed larger perithecia and ascospores 
than H. ipomoeae. Its conidia, however, were never predominantly 
5-scptate, while in H. ipomoeae as many as 100 per cent of them can be 
found. The perithecia appeared slowly in the hemp fungus 20 to 30 
days after the culture was started, while H. ipomoeae required only 10 
to 15 days. Attempts to reduce these differences in size (PI. XV, fio-s. 
A, B, and C), septation (PI. XIII, figs. G and /), and rapidity of growth 
failed. One fungus could not be transformed into the other, although 
their relationship seems to be beyond question. 

Since Neciria cancri has the size of the hemp perithecia and the normal 
mature ascos[)ores illustrated by Rutgers are broader than his diagnosis 
(lo to 13 by 3 to 5/() gives, the hemp fungus may be provisionally deter- 
mined as Hypomyces cancri (Rutg.), n. comb. { — Neciria cancri Rutg.). 
The fact that ch]am\xlosporcs are not mentioned by Rutgers does not 
detract from this conclusion. The writer grows chlamydospores by over- 
watering the culture, but tiiis method may not yet be well known. 

The remarkable variation in the shape of the iicck is illustrated in Plate 
XV, figs. B and C, and reminds us of Neciria Gluck. Plate XV, 

fig. B, shows two perithecia with a stromatic base, which is lacking in the 
other illustrations. 

' Jfeasdreniciits of the .she Jaekiug in the have been derived apjjroxiinauly from ilhiWratwl 

iwrithccia. 
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III. GIBBHRELLA Sacc. 

Gibberella Saubmetii (Mont.) Sacc. 

GtftWrciJo (Mont.) Saw., 1879, j« MichelU, v. i, no. 5. P- s:j- 

Gi^hurelia cyanoiiena (Di-bin.) Sace., iSS^, Syll. Furs., v. ?, p. 553. 

GtbheTeilaSaubinttii (Mont.) $acc.. Sorokiiie, 1890, m Trudy Obslidi. Eslest%'. 1, Klazansk. Univ,. t. n. 
vyp.j.jj p., I pl- 

(Mont,) Sacc., Selby, 1898, m Ohio Agr. Exp. Su, Bui. 97. P. 40~42, +. 

GibhtrrHla tntki T. Hcun., 190a, tn Hedwigia, Bd, 41. licit 6, p. J07. 

FttiMOwm fointfn autonini. 

fusartiimruUraium App. and Wollenw., 1910, tnArb. Biol. Anst. 1. I.aad-u. Forstw., Bd, 8, Heft i, p. 30, 

Fvsurmm tropkalis Rehtn, 3S98, in Hedwitia, Bd. 37, Heft 4, p. 194, is probably a synonytM of G. Sou~ 
bimtti. 

Dia^osis. — Perithecial stage ; PerithecU seaLtereii or gregarious, ovoid to subconical 
free on the surface of the host as well as embedded in mycelium, or on a tubercular 
plectenchymatic stroma, which may either push in spcemstilbe-like bodies through 
tlie surface of the host or remain endophytic, 150 to 250 by- too to 250^4. Peridbirri 
smooth and small celled at llie basal part, but large -celled, verrucose occasionally, 
ivith protuberancelike projections of cell groups near the apical end, black to the 
unaided eye (turning red brown with acid reaction), dark blue with transmitted 
light except the almost colorless often rather prominent beak; asci up to over a hundred 
in each perillieciuni, intermixed with a fcAv celled paraphyses; ascospores, 8 in one 
row" or irregularly in two rows, subdorsi ventral, fusiform slightly eun^ed, Uipering at 
the ends, oebreous in masses; largely 3-septatc, 20 to 30 by 3.75 to 4.25/1 (up to 5/1 
diameter in germinatiou, indicated by a constrictiou at the septa). 

Gonidial stage. — In shape the conidia resemble the section Discolor of Fusarium, 
and arecloselyrelatedto Ftt.rariu77i culmnrum, but differ in being longer, more slender, 
and less developed in septation; conidia 3- to 5-septate, 30 to 60 by 4.75 to 5.50/1, 
ochreous in mass. Plectcnehy lua often carmine red , turning yellow in the presence of 
acid. No true chlamydospores. F. culmormn, on the other hand, has chlatnydo- 
Spores in intercalated ch.ains and clusters. 

Habitat. — This description is made from a strain isolated from a wheat kernel that 
failed to germinate (Dalilem, near Berlin, 1909). The following distribution is based 
on comparative purc-cultute studies of fungi isolated from various hosts from different 
regions. It was found widely distributed within the Temperate Zone, causing scab 
disease of different kinds of cereals, especially wheat, emmer, rye, oats, spelt, and 
com in Germany, Russia, Italy, and probably elsewhere. It has been isolated from 
berries of Solanum iuberosum at Fricilcnau, near Berlin, Germany, by tlie writer, 
and from sw^eet potatoes {Ipomuaa baiaioi') in storage by Mr. C. A. Budwig, Bafayettc, 
Ind. 

According to Succardo (Michclia, v. i,no. S, p. 5 io» 1879) fungus also occurs on 
dead stems of Conium, Phytolacca, Cannabis, Curcurbita, Coiivohmlus, Clematis, 
Beta, Angelica, Stipa, Gyneria, Asparagus, and Scirpus, and on branches of Cledit- 
schia, Rosa, Robinia, J-uglans, Fraxinus, Ulmus, Coronilla, Rubus, and Buxus in 
France, Italy, Germany, Austria, Great Britain, Spain, Belgium, Algeria, North Amer- 
ica, and Australia, A. D. Selby, in bis “ Brief handbook of the diseases of cultivated 
plants'’ (Ohio Agr. Exp. f>ta. Bui. 214, p. 454 i igro), adds clover(Trifolium)and alfalfa 
(Medicago) as new hosts. Some of these statements, however, seem to be merely 
based on the presence of the conidial stage, to which different names have been given, 
such ss Fusarium rosewn Idnk, F. herburum (Corda) Fr,, and F. rosiraium App. and 
Wollenw. 

This characteristic fungus, Gibberella Saubineiii (Pis. XIV, figs D~€, 
XVI, fig. 0 ), is widely distributed on cereals. Sorokine (1890) and Selby 
(1898) illustrated it well and many authors described its life cycle. Since 
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all descriptions have been based on field material and not on pure cul- 
turcs, a few supplementary notes and illustrations may be desirable in 
order to show how much the conidia of this fungus differ from some 
species of Fusarium often associated with them in the field, and how 
slender the ascospores are compared with those of GihhercKa puhearis, 
a fungus often confused with G. Saubindii. Attention has already been 
given to these points in this paper, and the conduct of this fungus in 
pure culture has been freely discussed in “Criteria of the nonn.” 

In Table I a record of some measurements is given. The conidia have 
a range of septation differing with age and substratum, but 3-to 5 -septate 
conidia prevail under various conditions. The average size varies greatly 
if the septation is neglected, but equiseptatc spores fluctuate in small 
limits only. If we measure the absolute fluctuation of the size, we get, 
of course, a wider limit. For instance, tlic absolute size of 3-scptate 
conidia in a 40-day-old culture on steamed potato stems fluctuates from 
21 to 39 by 3 to 5.5/t in one preparation, from 24 to 36 by 3.4 to 5.1a in 
another, while the average size based on the average of 10 measurements 
was 30 by 4.25/2. This fact proves an almost general law, w'hich could 
be given in the rule “ The absolute fluctuation of the spore size is a func- 
tion of the average fluctuation." If 20 per cent of its value is subtracted 
from and added to 30/f, the result is 24 and 36/2. The same operation 
extended to 30 per cent gives 21 and 39/2. The breadth, 4.25, treated 
in the same way gives 3.4 and 5.i;« in one, 3 and 5.5/2 in the other case. 
When the fluctuation of the average size of 3-septate conidia has been 
obtained, 30 to 46 by 4.25 to 4.5/9 and desire an approximate idea of 
the absolute fluctuation, the mean proportional, which is 38 by 4.375/9 
taken, 30 per cent added and subtracted, and about 27 to 49 by 3 to 5.75/2 
is obtained, which corresponds almost with the fact. For this reason 
the absolute fluctuation, given by Appel and Wollemvcber (1910) is 
left out as superfluous in the diagnoses of this paper. 

TabIvU l.—Fluciuation 0/ ihe average iizes of the conidial and perfect itagcT of Gibberella 
Smihinetii based on the a-Vi'rage of io ineasurcmenis 

Co.NiDi.M, Stack 
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TABi.fi I . — Fluctuation of the average of the conidialand perfect stages of Gibberella 
Saubinetii based on the average of lo measurements — Continued 

Perfect Stage 


Ace 
of cul- 

Pure culture on sterilized— 

Heipht 

and 

diameter 

Average size and j^ercentage of eQuiseptatc 
ascospores. 

turc. 


oi ijeri- 
thccia. 

i-septatc, 

2-septatc. 

3-septatc. 

Dayi- 

30. . . . 

Potato stem ! 

Vimia.lia stem 

1 

^i4hy 183! 
225 by j<)o 

21 by 3,5 

P.ci. 

36 

P 

zzby 3.5 

P. ct. 

»3 

P 

3 - 75 
2shy 4 

29 by 4 
ifiby 4. 2s 
z4i3y 4 

P.fL 

51 

60. . < . 

do : 

200 by i;o- 






60.. . . 

40.. .. 

Wheat straw' ' 

Cottoustem 1 

'i?8by 130' 
245 by ajo 

IS by 4 

0 

... 

18 by 4 

5 

86 

i 1 







Pl^-te XIV contains illustrations from Gibberella, the original strain 
from a wheat kernel which failed to germinate. These kernels have a 
carmine color when the subcuticular plectenchyraa (PI. XIV, fig, /) is 
well developed. Red is formed as the baac modification of the fungus, 
while yellow is the acid modification, which can be observed on steamed 
rice in pure culture. Fusarium suhulaium, F. culmorum, and F. rneta- 
chroum have the same color shades and are also common on cereals, so 
that the red grains are not due alone to the presence of Gibberella. The 
perithecia of this fungus, being blue, as a rule, turn red brown with the 
addition of an alkali. On steamed potato tuber the conidia form a short- 
lived pionnotes, which is brownish white to ochreous, depending on the 
moisture and the influence of the carmine, which enters the. conidia to 
some extent. The conidia of this pionnotes rapidly swell (PI. XIV, 
fig. FI), separate into cells, germinate, and produce new conidia (PI. XIV, 
fig. K ) , which anastomose and form a stroma, while in the other species 
mentioned the conidia remain perfect, dry out, and are long-lived. It 
was interesting to note the increase of septa in germinating spores, which 
may have as many as 9 (PI. XIV, fig. //), while the normal conidia (PI. 
XIV, figs. G and F) have 3 to 5 septa. The ascosporcs swell (PI. XIV, 
fig. K, i) like the conidia, and tins s^Yelling often lasts even after desicca- 
tion. However, cultures on straw may develop a type of ascosporcs 
with a smooth outline (PI. XIV, fig. £,2) unless a rapid desiccation 
causes constriction betw^een the septa (PI, XIV, fig. £, 3). A hundred 
asci may be formed in one peritheciiim, but, as a rule, they are not so 
numerous. Typical paraphyses arc seldom seen between the asci, but 
they arc present (PI. XIV, fig. D) and arc 4 to 6 celled. Perithecia have 
two sizes of cells. Groups of large cells surround the ostiolum like a collar, 
which may or may not be pronounced (PL XIV, fig. C). Two such col- 
lars rarely seen in other perithecia (PL XIV, fig. A) proved the fact that 
sometimes two ostioli allow the ascosporcs to escape. The main body 
of the peridiutn is small celled, and the arrangement of the cells indicates 
their hyphal origin. A longitudinal section shows the peridium to con- 
sist of three layers (PL XIV, fig. B ) . The stroma of Gibberella is very 
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changeable. It may be reduced to a few hyph^e or formed as a thallus- 
like layer. On substrata, such as Robinia stems, a sphien)st.ilbe-Uke 
stroma may be formed with a colony of peritliecia at the top (PI. X\\ 
fig. Z)), or a short but compact stroma develops with a single perithecium 
(Pi. XV, fig. G) or a few together. The protiiberancclike projections 
on the peridium are often not confined to the collar surrounding the neck 
or the ostiolum. They may develop on any place, cs])cciallv when 
moisture allows a continuous growth beyond the time of maturity of the 
spores. These projections (PL XV, figs. D and E) resemble Hypomyces 
ipomocae, but all stages from a vernjcose to a smooth peridium (PI, XV, 
fig. F) can be secured by selection of media and special methods of trans- 
fers in connection with various amounts of moisture. A larger stroma 
develops when mycelium is used in starting the culture on a cotton or 
Melilotus stem. But very few colonies of perithecia may appear with 
this method. Conidia and ascos.pores transferred to the same sub- 
stratum will produce more numerous perithecia with less stroma. The 
illustrations in Plate XV, figures D-G, are made from Gibberella, the 
strain isolated from Ipomoea batatas; but the strain isolated from Triti- 
cum (PI. XIV) corresponds in all respects with the sweet potato strain. 
In brief, these pure cultures show constancy in ascospores and conidia, 
but so much variation in the production of stroma and general appear- 
ance of perithecia that field material with such differences would be 
easily referred to more than one species, or even genus. 


kky To the species of fusarium described from pi -re cuutures 

GROWN IN DAYEIGHT 


A. SPEClIiS OF FUSARirM W^THOI■T KNOWN' PERFECT FORM 
I. Terminal chlamydospores present, 

a. Conidia cream-colored to brownish white, except in Fusarium coeruleum (Lib.) 

Sacc.; conidia not sharply pointed at the ends; fofjt and heel of the base reduced 
to a papilla-like appendage. No wlne-rcd color on sterilized, watered rice. 
Section Marticlla (PL XVI, fig. K) Fusarium radicicola, n. sp. 

b. Conidia ochreous to salmon colored, except in Fusarium redokns Wollenw,; 

conidia with curved apical end constricted like a flask neck and with a pedi- 
cellate base, but without a prominent heel. A wine-red color, turning blue 
upon the addition of alkali on sterilized watered rice, except in F, conglu- 
iinans Wollenw. Section Elcgans. 

I. Sickle-shaped conidia; slender, about n to times longer than broad. 

a. Sporudochia absent, conidia mostly unicellular. 

Fusarium orihoceras App. and Wollenw. 

b. Spofodochia present; 3-septate conidia up to 100 per cent. 

*Blue sclcrotial plectenchymata effuse and few on sterilized potato tuber. 

(PL XVI, fig. A) Fusarium ortkoceras, var. iriseptatum, n. var. 
sclcrotial plecten chymata small, convex, numerous on steriUred 


potato tuber ! , .(PL XVI. fig. D) Fusarium batakitis, n. sp. 

2, Sickle-shaped conidia 8-9 times longer than broad. 

a. Pionnotes reduced fWum eruu. Schlecht. 

b. Pionnotes perfect (PI. XVI, fig. F) Fusarium hyperoxysporum, n. sp. 
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II. Terminal chlamydosporcs absent, conidia ochreous to salmon colored. 

a. Conidia with curved apical end constricted like a flask neck, heel of the pedicel- 

late base not prominent. Section Discolor. 

r. Intercalated chlamydosporcs rare and not in clusters. No carmine color on 
sterillxed potato tuber. (PI. XVI, fig. L) Fusarium incarnai'um (Rob.) Sacc. 

2. Intercalated chlamydospores occur singly and in cluster chains. A carmine 
color develops on sterilized potato tuber. 

(PI. XVI, fig. /) Fusarium culmorum (W. G. Sm.) Sacc. 

b, Gjnidla with a prolongated and pointed apical end and •with the heel of the 

pedicellate base prominent, 

I. Parabolic to hyperbolic curves prevail in conidia seen in side view. No 
carmine color on steamed potato tuber. Section Gibbosum. 

fl. Apical end of conidia curved, subfilifonn. 

(PI. XVI, fig. P) Fusarium caudaium, var. volulum, n. var. 

b. Apical end of conidia curved, filiform. 

(PI. XVI, fig. M) Fusarium caudatum., n. sp. 

III. Terminal and intercalated chlamydosporcs absent. Conidia resemble, those in 

the section Gibbosum, but hyperbolic cuiv^es are seldom pronounced. A car- 
mine mycelium color on steamed potato tuber. Section Roseum. 

(Pl.XVI, fig. G) Fusarium acuminatum HU. and Rv. 

B. SPECIES OP PT'S.'VRirM 'V.nTlI RNOWM PCRPgCT POKM 

1. Conidial stage similar to the section Martiellaof the genus Fusarium, but with 

a subpedicellate base. Section Pscudomartiella of the genus Hypomyces. 

a. Conidia largely _^-septatc. Peiithecia averaging in size 350 to 450 by 275 to 

375/1. Ascospores, 10 to 15 by 5 to 0. 75;!. 

(PI, XIII, fig. J) Hypomyces cancri (Rutg.) n. comb. 

b. Conidia largely 5- septate. Perithecia, 225 to 375 by 175 to 300/i. Asco- 

spores, 10 to 13 by 4.5 to 6 fi. 

(I’l. XVI, fig. H) Hypomyces ipomaeac, (Hals.) Wollenw. 

2. Conidial stage similar to the section Discolor of the genus Fusarium, but 

chlamydospores absent. Genus Gibbcrella. 

(PI. X\T, fig. <5) Gibbcrella Saubineiii (Mont.) Sacc. 

This key might have been based entirely upon the morphological char- 
acters and curv^aturc of the conidia, but since the color reactions offer a 
simpler, though less tmstworthy means of identification, they have been 
employed. The key, therefore, should be regarded only as an aid in 
identification, not as a guide to the morphology, which has been dis- 
cussed in the diagnosis and illustrated in detail in the illustrations. 

In Table II the average size of the various spore types has been given 
approximately to allow a sun^ey of the differences between the species. 
The spore diameter is an important factor for the determination of species 
of Fusarium, as may be seen in comparing equiseptate conidia of Fttya- 
riiim culmorum and F. campfomciackroum. The conidial length is less 
significant. The measurements of chlamydospores recorded are confined 
to their cross diameter, the two dimensions not varying much in tlie 
almost spherical unicellular spores. Ovoid and 2 -celled spores have a 
major axis which conscqucnlly has a higher average length than Ihe 
diameter of spherical spores shoivs in Table IT 
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The color range indicates that related species have similar colors of 
corresponding organs. The relations of color and reaction of organisms, 
studied also by Milbum (1904) and Bessey (1904), are constant under 
constant conditions. On substrata rich in carbohydrates many fungi 
and bacteria produce alkaline substances; on those rich in peptone, acid 
substances. Each reaction is accompanied by special colors, which 
change with the change of reactions of the substratum. JIany fungi, 
however, forced to grow on very alkaline or acid media refuse to develop 
characteristic colors. 

Table II, therefore, does not refer to artificially made acid or alkaline 
media, but to reactions developed by the fungi on potatoes, rice, and 
stems sterilized after the addition of water, but othei^vise unchanged. 
The reaction of these media differs but slightly from neutral. 

Blue perithecia of Gibberella turn red to brown, and carmine mveolinm 
turns yellow with acids, but their original color redevelops bv addition 
of sufficient alkali. This altemative change of color can be produced 
repeatedly. The yellow color on rice turns violet with alkali and rede- 
velops yellow with acids. These relations between reaction and color 
are so constant that they facilitate the determination of many species 
and arc also of value for the characterization of sections. 
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TADr.ri U.Some characters of the described species of Fusarium, with and uithout known ascus stage, occurring on sweet potato— ContmueA 



47531 — 14 - 


+ , present. ^ . Absent. 
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SUMMARY 


(1) Only 2 out of 1 1 species and 2 varieties of Fusarium on sweet potato 
{I ponwea batatas Foir.) developed the perfect form : Hypomyces ipomoeae 
(Hals.) Wollenw. [^Nectria ipomoeae Hals. = Creonectria ipomoeae (Hals.) 
Seav.] and Gibber el la Sauhinetii (Mont.) Sacc. 

(2) The other species of Fusarium on sweet potato remain in the genus- 
Fusarium Lk., and belong to the sections Martiella, Elegans, Discolor, 
Gibbosum, and Roseum. 

(3) Fusarium orihoceras App. and Wollenw., F. oxysporum (Schlecht.), 
F. inearnaium (Rob.) Sacc., F. culmorum (W. G. Sm.) Sacc., and F. 
acumirmtum Ell. and Ev. are common but not obligate sweet-potato 
fungi. The first two are especially prevalent. These five are also found 
on Solanum and other hosts. F. oxysporum is proved a cause of wilt 
disease of Solanum, but not of Ipomoeae. 

(4) Fusarium batatatis Wollenw. and F. hyper oxysporum Wollenw. 
causing wilt disease on Ipomoea (according to Harter and Field) are 
species of the section Elegans. The former is related to F. orihoceras, 
the latter to F. oxysporum, 

(5) Fusarium culmorum (W. G. Sm.) Sacc., synonym of F. rubiginosum 
App- and Wollenw., occurs more often on cereals, especially Tnticum, 
than on Ipomoea and Solanum. 

(6) Species of Fusarium described as new: F. radicicola; F . orihoceras , 
var. iriseptatum; F. baiaiaiis; F. hyper oxysporum; F. catidatum; and F. 
caudatuyn, var. ivluium, 

(7) New combination: Hypomyces cancri (Rutg.), n. comb. { = Nectrta 


cancri Rutg.). 
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PLATE XII 

Fig. A . — Fusarium bataiatis, n. sp.: Mycelium stage with blue sclerotial plecten* 
chymata on steamed potato tuber. 

Fig. B . — Fusarium batatatis, n. sp.; Ochreous- to salmon-colored pionnotes on the 
same medium, but from a transfer of a single sickle-shaped conidium. 

Fig. C .- — Fusarium batatatis, n. sp.: Wine-red acid color modification of the fungus 
on steamed rice, turning blue with alkali. 

Plate XII was reproduced from paintings made by Mr. J. M. Shull from lo-day-old 
test-tube cultures of the fungus. 
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PLATE XII r 


Figs. A-C.' — Hypomyccs ipomoeae (Hals.) Wullunw. Fig. H, — Fusartum incarn/i- 
tum (Rob.) Desm. Fig. J. — H ypomyC(:s cancri (Rutg.), ii. comb. The draM’Ings of 
H. ipomoeae were made from subcultures on moist wheat heads of a strain isolated by 
Dr. Reddick, Cornell University Experiment Station, from a badly rotted sw^ect 
potato (ipomoea batatas), sent him from Wooster, Ohio, on April 30, 1907, by J. M. 
van Hook of the Ohio State Agricultural Experiment Station. F. incarnaiurti is 
illustrated from a strain isolated from sweet potato. 

Fig. A. — Hypomyces ipomoeae, Ascosporcs; i, Ellipsoidal shape; 2, form of a double 
paraboloid; 3, overripe, slightly swollen stage; 4, separation of the two cells in over- 
ripe stage. X 1,000. 

Fig. Hypomyces ipomoeae, Asci with a paraphysis. X 

Fig. C. — Hypomyces ipomoeae, Pcrithccium. X 200. 

J ). — Hypomyces ipomoeae. Chlamydospores: i and 3, lateral; 2, intercalated 
and terminal; 4, intercalated within a conidiuni (coiiicliochlaniydospore). X 1,000. 

E- — Hypomyces ipomoeae. Pcrithccium formed by spiral coiling of a lateral 
hypha. X 500. 

Fig. V .—Hypomyces ipomoeae. False conidial heads produced at the. end (i) of 
conidiophures by .S{X)res suspended in drops of water. Tlie conidiophorc sprang from 
an old conidium which was separated into two parts, one of which was dead (a). 

X 500- 

Eig, 0 — Hypomyces ipomoeae. Normal conidia: i, More curved at the ends than 
the other spores; 2-7, tri- to quinque-septate spores. 

Fig. K.—Fusarium iiicarnaium (Rob.) Desm.; Conidia, 0, short, b, slender; 1-3, 
normal 5-septate conidia; 4, lanceolate; 5, exceptionally large; c. pedicellate base 
without heel. 

Eig^ '^—Hypomyces cancri (Rutg.), n. comb.: Mature conidia, the fust one (i) Ecmg 
especially large. 



PLATE XIV 

Gibberella Sauhinetii (Mont,) Sacc, This fungus was isolated from a wheat kernel in 
Dalikra, near Berlin, Germany. The first pcrithecia appeared in pure cultures 
after several transfers to fresh media. Thus far no differences have been observed 
between the wheat and tire sweet -potato strains. 

Figs. A-C . — Cibberella Sauhinetii: Pcrithecia grown in pure culture; A, on stem of 
Viciufaba, with two ostiola surrounded by a collar of large peridial cells; B, on wheat 
grains showing the ascus ball after one -half of the peridium had been lifted by a 
longitudinal section; C, on Irish potato stem, without a distinct collar, X 200. 

Fig, D . — Gihberellu Sauhinetii: Two asci with a paraphysis. Xsoo- 
Fig. 'E. --Cibberella Sauhinetii: Ascospores, i, with slightly swollen cells, overripe; 
2, normal shape; 3, dried condition. Xi,ooo. 

Fig. F-G . — Cibberella Sauhinetii: Normal conidia grown on Irish potato stem. F, 
12 days old; G, 6 days old, culture watered more, therefore the conidia are broader 
than in figure F. X 1,000. 

Fig. H . — Gibberella Saubineiii: Abnormally multiseptate conidium about to germi- 
nate. These conidia are frequently to be found with swollen cells in young, and some- 
times old cultures on the parenchyma of potato tubers, (Compare fig. K.) Xi.ooo, 
Fig. J . — Gibberella SaubincUii: Plectenchymatic parts of a stroma, formed by closely 
interwoven chains of swollen cells which have a thick membrane and brown to red 
contents witli many vacuoles. Not to be confused with true chlamydospores, although 
very reristant to unfavorable conditions. 

Fig. K , — Gibberella Sauhinetii: A number of conidia formed in young cultures on 
the moist surface of potato cylinders. Septation (i, 3) and shape (2) rarely normal; 
4, mother conidium broken into two halves (a, b), both of which have developed some 
small conidiophores from the cells tom asunder. X 500. 



PLATE XV 


Fig. A . — Hypotnyces t/? owoea^ (Hals.) Wollenw. : Sweet-potato strain, its perithe- 
cial stage isolated in 1907 by Dr. Donald Reddick, Cornell University Experiment 
Station. (See legend of PI. XIl I .) 1,2, Gromi in pure culture on cotton stem ; 3, on 
maplestem; 4, on wheat straw; 5 and 6, on potato cylinder. X50. 

Fig. B-C . — Hypomyces canen (Rutg.), n. comb.; The hemp strain found with peri- 
thecia on a dead taproot of hemp at the soil level, Potomac Flats, Washington, D. C., 
1912. The perithecia and ascospores are larger, but the conidia are less septate than 
those of the sweet potato strain. B, Grown on steamed com kernels. C, i, Perithecia 
from tlie original field material; C, 2,3, Grown in pure culture on cotton stem. Xso- 

Fig. D-G . — Gibberella (Mont.) Sacc.: The mycelium stage was isolated 

in 1912 from sweet potato tubers by Mr. C. A. Ludwig, Lafayette, Ind. The writer 
obtained perithecia after the second transfer of conidia on cotton stem, wheat straw 
and heads, potato stem, etc. The first perithecia appeared gregarious on a coremium- 
like or irregular plectenchymatic stroma. D, Grown on stem of Robinia, which was 
more or less reduced when single ascospores of these perithecia were transferred to 
fresh moist steamed stems of plants; P' and G, grown on cotton stem (on almost dry 
wheat straw tlie stroma could be reduced still more and completely disappeared in 
some of the later cultures on this medium) ; E, grown on wheat straw. 



plate; XVI 


Ftuarium spp. on sweet potato with and without knoun perfect stage, 
grown on sterilized vegetables. 

E'ig. A-E . — Fvsarium baiataiis, n. sp.: A, Microconidia. Xi.ooo- ii Inter- 
calated and terminal chlamydospores. 2, In young stage. 3, Branch from sclerotial 
plectcnchymata, therefore no true chlamydospores. 4, Chlamydospores formed from 
the content of conidial cells (conidio-chlamydosporcs). 5, Mature chlamydospores. 
X500. C, Two conidia anastomosing, one of them producing microconidia. X.soo. 
D, Normal conidia from sporodochia. X 1,000. E, Conidiophore from a sporodo 
chium. Xsoo. 

Fig. F-P. — Characteristic conidia of different species of Fusarium. X 1,000. 

Fig. F .^ — Fusarium hyperoxysporum, n. Sp. 

Fig. G .^ — Fusarium acuminatum EU. and Ev. 

Fig. H . — Hypomyces ipomoeae (Hals.) Wollenw. 

Fig. J . — Fusarium cultnorum (W. G. Sm.) Sacc. 

Fig. K . — Fusarium radicicola, n. sp. 

Fig. L . — Fusarium incarnatum (Rob.) Sacc. 

Fig. M.— -Fusarium catcdaium, n. sp. 

Fig. N , — Fusarium orihoceras var. triseptatum, n. var. 

Fig. O.—Gibbbrella Sauhinetii (Mont.) Sacc, 

Fig. P . — Fusarium caudaium var. voluium, n. var. 
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MUTATION IN EGYPTIAN COTl'ON 


By Thomas H. Kharnsv, 

I^kysiologisi in Charge, Alkali and Drought Resisiani Plant 1 nvesiigadons, 
Bureau of Plant Industry 

INTRODUCTION 

The occurrence of saltatory or discontinuous variations has frequently 
been reported by breeders of plants. Most of the instances inentioiied 
in the older literature were not supported by unimpeachable evidence, 
but in the aggregate they established a strong presumption of the reality 
of this type of variation. Recent investigation has led to a better under- 
standing of the phenomenon, which is now generally known as mutation.^ 

The publication of De Vries's work “Die Mutationstheorie" (1901- 
1903) ^ focused the attention of biologists upon the phenomenon of muta- 
tion by suggesting that it is not confined to domesticated organisms, 
but is also met with among wild species, and that organic evolution has 
taken place through the natural selection of mutations rather than of 
minor variations. While De Vries's theory of evolution has not won 
general acceptance, great interest attaches to his discovery of a plant in 
which mutation is a frequent rather than an extremely rare occurrence 
and from which numerous distinct and regularly heritable forms capable 
of description as elementary species or biotypes have been thus derived 
during a short period of time. 

Among seed-propagated crop plants ^ there have been few well- 
substantiated instances of the origin by mutation of varieties which diilcr 
in several characters from the parental type, although their apparent 
rarity is perhaps attributable to imperfect knowledge of the history of 


•Mutation in plants may be defined as a type of variation manifesting itself in the sudden appearance 
of a distinctly diderent individurd the characters of which are uniiortnly expressed by its descendants 
when self-pulliuated or cross- pollinated only among themselves. 

This definition, which applies only to the higher plants, is purposely worded so as to exclude iclcrcoce 
to the rause of mutatioo and to the conditions under which it takes place, johannsen p- i6>'i hasde- 
fiued mulaticu as a sudden, discontinuous alteration of the bioty pe, independent of all aossini;. Thislimi- 
tatioo of the term seems ill-advised, because it leaves us without a designation for the well-known cases 
which most biologists regard as the best examples of mutation and which represent a distinct and im- 
portant phenomenon, although probably to be interpreted as resulting from remote or complex hybridiza- 
fiou. 

* Bibliographic citations in lareutheses refer to ' literature cited," p. 301. 

* 'Tt must not be forgotten that the agricultural imp! wed races do not possess the amstanry of true 
speries; whereas the varieties and subspecies of the horticulturist can only be disluiBuishe-d from true 
species historically and systematically— not experimentally * * * In horticulture varieties arise by 
inutatioiis. and varieties are elemetitary species. In agriculture, according to the current view and except- 
ing in the instances of the unconscious isolation of eiciucntary species, the highly improved races arise 
gradually through selection, but they never become species." (De \ rics, 1909, v. i, y. S2.) 
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varieties in these groups.^ Evidence is presented in this paper which is 
believed to justify the conclusion that mutation occurs in Egyptian 
cotton and that numerous varieties have thus arisen in Egypt and in 
Arizona. 

Many biologists hold that mutation as observed by De Vries is an 
after-effect of hybridization. The mutability of Egyptian cotton is capa- 
ble of a similar explanation, for it is widely believed that the type as a 
whole originated as a hybrid. It can at least be shown that the varieties 
now grown in Egypt, including the one which has given rise to the Ari- 
zona varieties, have been constantly exposed to crossing among themselves 
and with other types of cotton. 

The breeder who works with a mutable group of plants has a great 
advantage in the ease with which new varieties can be fixed. It has 
been possible to maintain a high degree of uniformity in the varieties 
of Egyptian cotton which have arisen in Arizona by keeping each new 
form isolated from other types of cotton and by removing the relatively 
few aberrant plants from the seed increase fields before they come into 
blossom. In Egypt the maintenance of the cotton industry has largely 
depended upon the successive appearance of desirable mutants, since 
until very recently no adequate measures were taken to preserve a pure 
seed supply and each new variety rapidly deteriorated as a result of 
cross-pollination. While under the Arizona conditions deterioration is 
likely to be less rapid, the tendency of this type of cotton to produce an 
occasional valuable mutant may be regarded as a form of insurance 
against the possible “running out” of the present varieties. 

The subjects treated in the following pages are: (i) The origin of 
Egyptian cotton, so far as it throws light upon the heterogeneous 
nature of this type and thus affords a possible explanation of its muta- 
bility; (2) the evidence for the mutational origin of the several varieties 
now grown commercially in Egypt; (3) the better known history of 
the Arizona varieties and the reasons for concluding that they have 
arisen by mutation, and (4) the evidence afforded by Egyptian cotton 
that mutability may be a result of hybridization. 

The photographs used in illustrating this paper were made by Messrs. 
C. B. Doyle and Bruce Gilbert, of the Office of Acclimatization and 
Adaptation of Crop Plants and Cotton Breeding, Bureau of Plant 
Industry. 

• There is some evidence that mutation occurs in tobacco. Mr. A, D. Shamel believes that the " Halli- 
day” variety originated in this manner, although East and Hayes (19H) claim to have obtained no iden- 
tical form in the Fj of a Sumatra X Havana cross and consider it to represent merely a Mendelian recom- 
bitution of the characters of the parent types. On the other hand, these authors (1914, p. 45) state that in 
tobacco “ mutations may occur. We have shown the origin of one family by a very wide mutation. In 
this particular case it was not difficult to show that a constitutional change took place in a single gertn 
cell of the mother plant.” 

A presumable case of mutation in barley has recently been described by L. Kiessling (mis). 
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ORIGIN OF THE EGYPTIAN VARIETIES 

Although less than too years have elapsed since Egyptian cotton was 
first recognized as a distinct type, there is much uncertainty about its 
origin. It is known that two or more species of Gossypium were cul- 
tivated in Egypt early in the nineteenth century. One of these, G. viii~ 
folium Earn. (?), was a brown-linted tree cotton which resembled the 
Peruvian type. Another was the American Sea Island cotton (G. bar- 
hadense E-)- 

According to Prof. Balls (1912, p. 3-4) these species soon hybridized. 
Among the resulting recombinations was the low growing, brown-linted 
Ashmuni variety. The Mit Afifi was selected out of the latter in 1887, 
“and from this now degenerate complex of sub-varieties and splitting- 
forms other varieties have been selected.” This view of the origin of 
the type is sustained by Mr. Erederic El etcher (1908, p, 382), who states: 
“We have then in Pelile’s plant, G. vitifolium Earn, (and Cav.), the parent 
that mated with Sea Island cotton to form our present crop.”* 

The evidence seems conclusive that more than one species of Gossyp- 
ium has contributed to the formation of the Egyptian type of cotton 
as we know it to-day. There can, at least, be no reasonable doubt that 
since the beginning of commercial cotton grooving in Egypt the condi- 
tions have been and still are favorable to interspecific hybridization. 
Sea Island and American Upland cottons have been introduced from 
time to time, and the botanically very distinct “ Hindi” cotton (referred 
doubtfully by Watt to Gossypium punctatum Sch. and Thon.) is almost 
everywhere present ^ and hybridizes with the Egyptian plants. Until 
very recently the importance of preventing crossing has been quite 
unappreciated in Egypt, and the only remedy for the ra])id deterioration 
of the varieties has been the development of new ones. 

The appearance about the year 1 850 of the Ashmimi variety marks the 
close of the first period in the evolution of the Egyptian type of cotton. 
This brown-linted cotton was quickly recognized as representing a new 
commercial type, quite distinct from any cotton previously known in the 
markets of the world. Although formerly grown in the Nile Delta, the 
Ashmuni variety is now confined to the region south of Cairo. Its place 
in lower Egypt has been taken by the ilit Afifi and by other varieties 
derived from the latter. According to Balls (1912, p. 106) “Afifi was 
introduced commercially about 1887, Abbassi in 1893, Yannovitch in 
1899, Nubari in 1907, Sakel in 1909, and Assili in 1910.” Numerous 
other varieties have arisen from time to time, but either failed to attain 
much commercial importance or have been supplanted by other sorts. 

^ The extreme complexity of the botany of Tigyptian cotton is apparent from the treatment of the subject 
by Watt (1907. p. JI4, 22 }, 256. 392). 

* Mr. O. F. Cook (tgri) found Hindi plants in nearly everj' field which he inspected in Bgy'Pt, the propor 
tion ranging from i to 20 per cental the total number of plants. 
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While little is accurately known of the origin of most of these varieties, 
the evidence seems to Prof. Balls (1912, p. 105) to justify the conclusion 
that "the majority probably arose as single-plant 'selections.' In the 
case of Vannovitch this is definitely known.” 

The impression prevails .in Eg^^pt that these varieties can scarcely be 
distinguished from one another except in yield and lint percentage, in 
adaptability to particular soils and climatic conditions, and in the length, 
color, and fineness of the fiber. Nevertheless, when grown in Arizona 
from imported seed, most of them could readily be distinguished even irt 
the blossoming period, or at the latest after the first bolls were set. In 
characterizing them, however, it was necessary to ignore the numerous 
hybrids ^^'ith Hindi cotton which appeared in most of the plantings. 

As compared wdth the Mit Afifi, the Ashmuni produced lower and more 
bushy plants. The Abassi variety had remarkably long and pointed, 
relatively slender bolls, very different from the plump, short-pointed 
bolls of the Mit Afifi (PI. XXV, fig, i). The Vannovitch plants averaged 
taller than the Mit Afifi, but there, was so much variation among the plants 
grown from imported seed of this variety that a close comparison was 
impracticable. The Niibari variety differed from the Mit Afifi in its more 
compact habit of growth, in its larger, more frequently 5-lobed leaves, 
in having the bracts of the involucre (PI. XXII, fig. i) more grown 
together at the base, and in the much longer, more tapering bolls. The 
Sakellaridis differed from the Mit Afifi variety in many of its characters, 
notably in the much larger proportion of deeply 5-lobed leaves, involucral 
bracts with long teeth which extended nearly to the base of the bracts, 
and conical, very abruptly and very sharply pointed bolls (PI. XXV, 
fig. 4). In the habit of growth, in the shape and small size of the leaves, 
and in the shape of the bolls the Sakellaridis variety showed some resem- 
blance to Sea Island cotton. 

The conclusion that these varieties originated bv mutation is supported 
by the following facts: (i) The derivation of each from a single plant 
discovered in a field of very different cotton; (2) the distinctness of their 
botanical characters, especially in the recently developed Nubari and 
Sakellaridis varieties; and (3) their tendency to remain uniform, which 
is, however, finally nullified by the ample opportunities afforded in Egypt 
for cross-pollination with other types and for the mixing of seeds at the 
gins. 

ORIGIN OF NFAV VARIETIES IN ARIZONA 

Tw'elve years ago seed of the Mit Afifi variety, imported from Egypt, 
was planted at Yuma, Ariz. The resulting plants were generally unpro- 
ductive, late ill ripening, and produced fiber of poor quality. vSdection 
carried on for several years resulted in some improvement in these 
rcsi-iects, but the progress -was not very encouraging. Although the 
plants showed considerable ffuctuation, until 1908 there was no clear 
evidence that any of them had exceeded the limits of the chameters of 
the Mit Afifi variety. 
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In that year two among the progeny rows w^re totally different in 
type from the parent variety and from one another. The characters of 
each were uniformly expressed in all plants of the row,^ except the few 
and very different individuals which were obviously first-generation 
hybrids of Egyptian with Upland cotton. These two rows gave rise to 
the Yuma and Somerton varieties, described in an earlier publication 
(Kearney, 1910). Since both varieties appeared suddenly and were very 
uniform from the beginning when protected from cross- pollination with 
other types, the conclusion seems warranted that they were of muta- 
tional origin. 

The Yuma variety was subjected during several years to yield tests 
and to mill tests, which showed the variety to be satisfactory in pro- 
ductiveness and in the spinning quality of the fiber. A\dien a sufficient 
supply of pure seed had been obtained by carefully roguing the fields 
during three successive seasons, it was distributed to farmers in the Salt 
River Valley, Arizona, where this variety is now being grown on a com- 
mercial scale. ^ 

Although the Somerton variety produced excellent fiber it was dis- 
carded because of its lateness in maturing and the excessive development 
of the vegetative branches. 

Two other varieties, believed to be also of mutational origin, have 
since been developed in Arizona. They are here described under the 
names “Pima” and “Gila.” 

The contrasting characters of the Yuma, Pima, and Gila varieties are 
summarized in Table I. 

Tart.^ I - — Characters which distinguish the Yuma, Pima, and Gila varieties of hgyfiian 
cotton 


Character. 

Variety. 

Yuma. 

Pima. 

Gila. 

Vege t a t i V e 
branches. 

Large, developing rapidly 
(PI. XVIir.fig. j). 

Small, de^'cloping slowly or 
entirely wanting (PI. 
XVIII, fig. i). 

Smaller than in the Vuma 
variety and develojnng less 
rapidly (PI. XVIII, fig. 3). 

Leaves of 
main stem. 

A large proportion ^-lobed 
(PI. XIX). 

Usually deeply 5-lobcd (PI. 
XX). 

Usually 3-lob«l. when 5- 
lobed the basal lobes in- 
conspicuous (I’l. XXI). 

Involucres. ... 

Bracts usually much longer 
than wide, strongly con- 
nate (PI. XXII.fig. 2). 

Bracts not much longer than 
wide, separate or nearly so 
(PI. XXIII, tig. i). 

Bracts not much longer ilia a 
wide, separati" or nearly so 
(FI. XXIII. fis. 2). 

Bolk 

About twice as long as wide, 
tapering from near the 
base, not sharply pointed, 
deeply pitted (id. XXIV. 
fig. r). 

; Xearly twice as long as wide. | 
1 less fajjenng and more i 

i sharply pointed than in 
Yuma, shallow pitted (PI. 

: XXIV, fig. 3). 

Considerably less than twice 
as long as wide, abruptly 
ci.iuriLL'ted at the blunt 
jipex, dee’rlv pitted (PL 
XXV, fig. 2). 

Average 
length of 
fiber. 

About iJi inches 

I - s to I -If inches 

.UujuI 1 V inches. 


' Some of the distmotive rhartictcrs of c;ich type were noted in the parent individtial o. the i^rcrei ling 
voar, blit in neither casn was it then recoenized that a complete chaiue uf expression hLi.i taken place, 
biflferenccs which seem very pronounced when expressed in the 50 or more plants of a prygenv row may 
easily be overlooked in a siiiylc individual. 

* The crop of 1913 amounted to about 2,100 bales, and about i j.ooo acres were planted m 1914. 
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THR YUMA VARIETY 

As compared with the parent Mit Afifi, the Yuma variety is readily 
distinguished by its more frequently 5-lobed leaves (Pi XIX); larger 
involucral bracts (PI XXII, iig. 2), which tend to be oblong-ovate 
rather than triangular- ovate and are usually united near the base so as 
to form a closed cup around the base of the boll; much longer and more 
tapering bolls (PL XXIV, fig. 2); and longer, lighter colored fiber. The 
fiber averages about i }4 inches long and resembles in color that of the 
Egyptian Yannovitch. In. the characters of the foliage, involucres, and 
bolls the Yuma variety shows a striking resemblance to the Egyptian 
Nubari (PI. XXII, fig. i, and PL XXIV, fig. i) which had appeared in 
Egypt three or four years earlier, presumably also by mutatioti from 
the Mit Afifi. ^ The fiber of the tw^o varieties is quite different, however, 
that of the Yuma being longer and lighter colored. 

The Yuma variety sho-wed from the beginning a high degree of uniform- 
ity. In 1909 a 4-acre field was grown near Yuma, Ariz., having been 
planted whth seed from tliose plants in the progeny row of 1908 which 
were not individually selected. Every plant in this field was examined 
in June, when 2 per cent of the total number were removed because they 
showed signs of hybrid origin or were otherwise undesirable. A second 
census in July resulted in the removal of an additional 0.5 per cent of the 
plants. The fact that not more than 2.5 per cent of the plants in this 
field showed a noteworthy departure from the type indicates a strong 
predominance of self-pollination or else a high degree of prepotency, since 
the progeny row of 1908 was situated between two rows of plants of 
wholly different character and since in 1906 and 1 907 the stock from 
which this mutant came had been exposed to cross-pollination by 
Upland varieties of cotton.^ 

In 1913 Messrs. G. B. Gilbert and M. W. Buster, of the Office of 
Acclimatization and Adaptation of Crop Plants and Cotton Breeding, 
Bureau of Plant Industry, examined all the plants in two fields of the 
Yuma variety at Mesa, Ariz. Although these fields aggregated about 
50 acres in extent and contained several hundred thousand plants, only 
about one dozen individuals were, discovered which gave clear evidence 
of contamination with Hindi or with Upland cotton. 

THE PIMA VARIETY 

The Pima variety originated in 1910 with a single plant of marked indi- 
viduality which was found growing in a field of the Yuma variety. 
During the three subsequent generations this type has shown a striking 

' Since the Mit Afifi seed with which the breeding work was bc.inm in Arizona was imiwrtetl iti 1901 , two 
years before the appearance of the parent individual of theNubarl variety; and since the latter is too dis- 
UnctfreraMit Afifi to be overlooked in pro;;«iyr(jws in which every individual plant was closely inspected, 
the possibility of a direct descent of the Yuma from the Nubari seems definitely excluded. 

*CarcIul examination of all the plants in the Egyptian cotton progeny rows in i^oS showed, that R.i per 
cent of the total nunrber were Egyptian XUpland hybrids. In the Yuma variety row 7 plants out of 163, 
or about 4 per cent of the total nmnher of inilivitluols, were hybrids. 
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degree of uniformity in its very distinct botanical characters. The prin- 
cipal characters by which it differs from the parent Yuma variety are 
enumerated in Table I, p. 291 . The Pima variety bears a marked resem- 
blance to the discarded Soinerton variety in the shape of the leaves, 
involucres, and bolls, but is almost the antithesis of that variety in its 
branching habit and seed characters. The Somerton showed an extreme 
development of the vegetative branches (much more so even than the 
Yuma) and had nearly smooth seeds, while the seeds of the Pima variety 
are very fuzzy for an Egyptian type. 


HISTORY OF THE PIMA CCHTON 


In 1909 several selections, made in the original progeny row (No. 382) 
of the Yuma variety, were grown as progeny rows at Sacaton, Ariz., and 
of these No. 382-10, which was thoroughly typical of the variety, proved 
to be the best. Several acres were planted in 1910 with bulk seed from 
this row,^ and numerous individual selections were made in this field. Of 
these, plant No. 382-10-0-14 was the progenitor of the Pima variety. 
This plant attracted particular attention because of its large and very 
sharp-pointed bolls. An excellent progeny row was grown in lyii from 
the seed of this individual, and five individual selections were made in 
this row. These selections were characterized by the marked reduction 
of the vegetative branches and by the retention of fruiting branches excep- 
tionally low on the main stem. The selection which produced the best 
progeny the year following (plant No. 382-10-0-14-5) was noted as hav- 
ing the first fruiting branch low on the main stem (at node 10), the limbs 
much reduced, and the bracts nearly distinct. 

The five progeny rows grown from these selections at Sacaton in 1912, 
when observed in July, greatly resembled each other and presented a very 
distinct and uniform type. They were in strong contrast to all other 
groups of progenies in the breeding nursery by reason of the marked 
reduction of the vegetative branches, w'hich were generally fewer and were 
uniformly much shorter than in the Yuma variety. In one of the rows 
the reduction amounted to practical suppression. Correlated with this 
there was a strong tendency to retain the fruiting branches at a lower node 
of the main stem and to retain more bolls on the lower fruiting branches 
than is usual in the Yuma variety. 

Row No. 382-10-0-14-5 proved more uniformly productive and long 
fibered than the other four, although the development of the vegetative 
branches was somewhat greater than in one of the other rows.^ Twenty 
individual selections were made in this row and a smaller number in three 
of the other progeny rows of this type. Fourteen of the seIect:ons in row 

1 This field was carefully rogued, and the resulting seed was planted for increase in 1911. This was the 
source of the seed used in coaiinercial plantings in 1912, 191,^, and 1914. Hence, the Y uma variety as now 
grown by farmers in the Salt River Valley is derived from Selection No. 381-10. 

2 The lyii progenies from selections in row No. 383-10-0-14-5 showed, however, less development oi limbs 
than did the progenies from the other rows. 
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No, 382-10-0-14-5 were grown in progeny rows in 1913, when the superi- 
ority of this group as compared with the related groups of progenies was 
incontestable. 

In July, 1913, careful examination failed to reveal any noteworthy 
departure from the type of the variety among the approximately i ,000 
individuals in the progeny rows of this group. Hence, in the third genera- 
tion from the parent individual this type showed practical uniformity in 
the expression of its botanical characters. 

CHARACTERS OF THE PIMA COTTON 

Main stem stout, its internodes rather long, its first fruiting branch 
usually borne at the ninth or tenth node; vegetative branches’ few, 
remaining much shorter than the main stem and developing late or, 
frequently, altogether wanting; fruiting branches long, becoming pendu- 
lous, having a very long first intemode; leaves large and thick, those of 
the main stem usually deeply 5-lobed, involucral bracts triangular ovate, 
separate or nearly so to the base; bolls large, plump, conical, very sharply 
and rather abruptly pointed, light green iti color and not deeply pitted; 
seeds large, having lx)th ends and often a part of their faces covered with 
bright green fuzz; fiber long (i^ to iK inches), in color very pale buff 
with a tinge of pink. 

THE GIbA VARIETY 

The Gila variety originated with a plant discovered in 1908 by Mr. E. W. 
Hudson ' in a field planted with the same stock of acclimatized Mit Afifi 
cotton which gave rise to the Yuma and the Somerton varieties. The 
distinctness of the characters of the parent individual and the uniformity 
with which these characters have been expressed in its descendants justify 
the conclusion that this variety, also, is of mutational origin. The Gila 
variety is very distinct from the Yuma variety. It resembles the Mit 
Afifi as grown in Arizona from imported seed, in the characters of the 
leaves, involucres, and bolls, but differs in its smaller vegetative branches, 
better fruiting branches, earlier ripening, much greater productiveness, 
and much longer and lighter colored fiber. Two selections made by Mr. 
Hudson ill 1910, one having larger boils and the other longer fiber than 
the parent variety, probably represent mutations from the Gila. 

HISTORY OF THE GILA COTTON 

In regard to the parent individual, Mr. Hudson states that it had much 
browner fiber and ripened considerably earlier than the surrounding 
plants. In appearaiKc the original plant was rather dwarf and the 
leaves very deeply lobed, much more so than in the average plants in the 
field, which gave a strikingly open appearance to the. plant. 

1 .\n account ol thbvariety is here presented with the concurrence of Sir. Walter T. Swingle, Physiologist 
in Charge tii the Office of Crop PliysiolOhy and Brced’iug Investigations, Bureau of Plant Industry. This 
office administers the Cooperative Testing and Demonstration Gardens at Sacatun, Ariz., of which Mr. 
Hudson is superiutendent, in cooperation with the Bureau of Indian Affairs, TJeixirtment tl the Interior, 
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111 1909 a progeny row of 16 plants was grown at Sacaton from seed 
of this selection and showed a remarkable degree of uniformity in the 
plants and the hber. In 1910 a half-acre plat was planted with the seed 
from this progeny row. During subsequent years the plantings have been 
gradually increased until, in 1913, 200 acres were grown on the Pima and 
the Maricopa Indian Reservations in southern Arizona (PI. XVII). 

CHARACTERS OR THE GIEA COTTON 

Main stem rather slender, with relatively short internodes, its first 
fruiting branch usually borne at the ninth or tenth node; vegetative 
branches slender, developing late, usually remaining shorter than the 
main stem; fruiting branches with rather short internodes and numerous 
bolls; leaves rather small, those of the main stem usually 3-lobed, the 
lobes deep; involncral bracts triangular ovate, separate or nearly so to 
the base; bolls short, plump, abruptly narrowed to the blunt apex; seeds 
large, having usually one-third to one-half of the surface covered with 
fuzz; fiber about inches long, somewhat darker colored than in the 
Yuma and Pima varieties. 

THE MUTABILITY OF EGYPTIAN COTTON 

Four distinct varieties of Egyptian cotton— Yuma, Somerton, Pima, 
and Gila — have arisen in the course of plant-breeding work in Arizona. 
Three of these were derived directly from the Mit Afifi, while the Pima 
variety is an offshoot from the Yuma. Each of these varieties originated 
with a plant which was very different from the parent stock, and the dis- 
tinctive characters have continued to be expressed with a high degree of 
uniformity during several generations. These facts seem to warrant the 
conclusion that the varieties mentioned arc derived from mutants com- 
parable with those of Oenothera Lamarckiarui as described by De Vries.^ 
The abrupt and distinct change of expression of characters in the parent 
individuals places the phenomenon outside the range of mere fluctuation, 
while the uniformity with which the new ^ characters have been ex- 
pressed in each subsequent generation makes it wholly unlikely that 
these forms are an immediate product of hybridization. 

As to the varieties which have originated in Egypt, while their history 
is much less completely known than that of the Arizona varieties, the 
data at hand point strongly to the conclusion that they also have been 
derived from mutants. 

1 The presence each year in the field plantings of the ne w varietie.; of ptiaii cotton of a small percentage 
of "off-type" plants is readily explained by the fad that the individuals which gave rise to the varieties 
were not protected from cross-pollination by surrounding plants of rtifTerent character. He Vries (1909. 
V. I, p. 37s) states that before he resorted to bagging and self-pollinating the Bowers of his mutants "these 
strains exhibited a very high degree of, though not an absolute, constancy. 

» It is highly improbable that any of the characters exhibited by these mutants arc new in the sense 
of having been absent in all lines of the ancestry. The history of E.gyptian cotton indicates that more than 
one species of Gossypium has contributed to the formation of thety pe, it is therefore probable that a large 
share of the characters which are possessed by the different members of this genus have been transmitted in 
the Egyptian complex and may come to expression in its mutants. 

47531'^M 4 
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A point of interest in connection with the origin of varieties in this 
type of cotton is the independent appearance of forms which are nearly 
identical in several of the characters by which they differ from the parent 
stock. As was pointed out on a preceding page, the Yuma variety is 
almost the exact counterpart, in foliage, involucres, and bolls, of the 
Nubari variety, which appeared in Egypt three years before the Yuma 
variety appeared in Arizona. Both varieties are derived from the Mit 
Afifi, which has very different characters. It has also been shown that 
the Pima variety, a descendant of the Yuma, bears a close resemblance in 
some of the characters by which it differs from its parent to the Somer- 
ton variety, which had appeared simultaneously with the Yuma three 
years previous to the appearance of the Pima variety. This independent 
appearance of the same or very similar new characters is paralleled in 
the case of Oenothera Lamar ckiana, which has repeatedly given rise to 
identical or nearly identical mutants. 

While mutation in these two plants appears to be essentially the same 
phenomenon, it is very much more active in Oenothera Lamarckiana, In 
De Vries’s cultures during the first seven generations 1.5 per cent of the 
total number of individuals were mutants. On the other hand, in the 
Egyptian cotton grown in Arizona one conspicuously mutating indi- 
vidual among many thousand appears to be the limit of expectation. 
Even the heterogeneous stock of the Mit Afifi variety, which was intro- 
duced into Arizona 12 years ago, has produced only three or four mutants 
of a striking character, and in the more closely selected Yuma variety, 
which is now 7 years old, only one noteworthy mutant, the Pima, has 
been detected among the several thousand plants grown in progeny 
rows in each generation.^ 

The evidence at hand indicates that Egyptian cotton is a mutable 
group and that the mutability is of a type very similar to that occurring 
in Oenothera Lamarckiana. In seeking an explanation of the occurrence 
of mutation in Egyptian cotton it is therefore in order to consider cer- 
tain theories which have been advanced to account for the mutability 
of Oenothera. 

Shortly after the publication of De Vries's w'ork it was suggested by 
Bateson and Saunders (1902) that the appearance of mutants in Oeno- 
ihera Lamarckiana is due to hybridization. Other biologists have since 
adopted this idea. Thus, Tower (1910, p. 315-316), discussing the 
results of his experiments in crossing different species of I^ptinotarsa, 
a genus of beetles in which, beginning with the sixth hybrid generation, 
the hybrid bred true except for the occasional appearance of mutant-like 
individuals, states: "These strains . , . gave results which strongly 
suggested that the interpretation of a mutative period, as described by 
De Vries in Oenothera Lamarckiana, may well be the variability which 
follows complex processes of hybridization," 

> it does not follow that nttmerous minor or utidesirabk variants, eliminated each year in the process ij 
roeuinc, might not, if subjected to the test of line breeding, prove to be muunts. 
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Davis (1911-1913) has sought to demonstrate experimentally that 
Oenothera Lamarckiana, which is not known to occur in the wild state 
anywhere in North America, originated as a hybrid between 0 . biennis 
and 0 . grandifiora. 

Gates, while holding that Oenothera Lamarckiana could not have origi- 
nated from a simple cross of 0 . biennis with 0 . grandifiora, beUeves that 
mutation and hybridization are associated phenomena. He says: 

Mutation in iMmarckiana, therefore, appears to be a condition of germinal insta- 
bility and not a simple process of hybrid splitting, although this condition of insta- 
bility has probably been brought about through previous crossing in the ancestry 
(Gates, 1911, p. 605; see also 1913a, p. 58-59). 

On the other hand, Heribert-Nilsson {1912, p. 213) concluded from 
the results of his extensive hybridization experiments with this plant 
that the mutants can all be explained as either plus or minus combina- 
tions of characters already present in 0 . Lamarckiana. In his opinion 
instability of the germ plasm docs not need to be assumed, and the whole 
phenomenon of mutation should be interpreted from one standpoint — that 
of Mendelian recombinations. He further concluded (1912, p. 218) 
that the mutants are not progressive or regressive new forms origi- 
nated through the spontaneous appearance or disappearance of a single 
unit character — that is, through mutation in the sense of De Vries — but 
are minus combinations — that is, they have originated through the re- 
combination of Mendelian characters already present in the parent 
species and distributed among different individuals. 

In a recent paper, Gates (1913b) rejects these conclusions of Heribert- 
Nilsson on the ground that they are contrary to the cytologic al evidence 
and maintains the position (p. 298) that “mutation is an independent 
process requiring a special explanation.” 

The preponderance of evidence points to the conclusion that hybridi- 
zation, possibly remote and of a complex nature, has been a factor in 
the mutability of Oenothera. On the other hand, the theory of Men- 
delian recombination does not afford adequate explanation of all the 
phenomena observed. 

It remains to consider the evidence that hybridization has been a 
factor in the mutability of Egyptian cotton. The facts that hybrids 
between distinct types of cotton show great diversity in the Fj and later 
generations and that it is difficult to obtain constant varieties by hy- 
bridization are well known to cotton breeders. ‘ Vet, if the F, plants 
and their progeny during succcssi^■c generations should be cross- 

1 The Foster variety is one of the few well- auLhenti rated e.xfimples of a comiiierdally imiKirlaiit 
variety of known hybrid orijin, having oridnated as the result of a cross between the Sunflower {a 
small-bollcd long-staple Vpiaad variety) and (he Triiiraphfa bryt-boiled, short-staple Upland variety) 
made by Dr. D . A. Saunders. Although after several years of seieetiou this variety has attained sufficient 
stability to w’arrant coraraercial production, the Foster variety is apparently much less utiiiorm than the 
Yuma and other varieties of Egyptian cotton which have presumably originated by imitation. Indi- 
viduals huviug the large, broad leaves and the short fiber of the Triumph variety are still frequently' 
met with. (Cook, 19:2, p. 17-18; P- 1<5.) 



298 Journal of Agricultural Research voi.ri, no. 4 

pollinated with the same type which furnished one of the parents of the 
original hybrid, it is conceivable that finally only the characters of this 
parent would continue to be expressed. A hybrid of this kind, although 
very “dilute,” might be expected to be in unstable equilibrium and, 
hence, to offer the proper conditions for the appearance of inutantsd 
If we accept the hypothesis that mutability is a consequence of hybridi- 
zation, it is not difficult to account for the tendency of Egyptian cotton 
to produce mutants. As was pointed out on preceding pages, the type 
as a whole is believed by some authorities to have originated from crosses 
between distinct species of Gossypium. But even if this theory be 
rejected, the possibility that hybridization has been a factor in the 
mutability of this cotton is not removed, since (i) the different varieties 
which, although genetically related, are distinct in their characters, are 
in Egypt often grown in close proximity and their seeds frequently become 
mixed at the gins, so that a great deal of crossing takes place among them; 
(2) other types of cotton which readily hybridize with the Egyptian, such 
as the American Upland and Sea Island, have been repeatedly intro- 
duced into Egypt and precautions to keep them isolated have rarely if 
ever been taken; (3) practically every cotton field in Egypt contains 
numerous plants of the very distinct Hindi type, which crosses with the 
Egyptian, producing more or less fertile offspring.^ 

The mixed condition of the principal Egyptian varieties has been 
strikingly exemplified in the Arizona plantings grown from imported 
Seed. These always contain a greater or less number of Hindi plants and 
of first generation hybrids between these and the Egyptian, together with 
a multitude of individuals which give evidence of earlier crossing by their 
less pronounced expression of Hindi characters. Even the Sakellaridis 
variety, which is only about eight generations removed from the parent 
indiviilual, has shown itself to be badly contaminated. 

The theory that the mutabihty of Egyptian cotton is an after effect 
of hybridization with such distinctly different types as Hindi, Upland, or 
Sea Island, might be challenged on the ground that the recent mutants 
show no characters which can definitely be attributed to a non-Egyptian 
parent. This certainly appears to be the case with the Arizona varieties, 
which are purely Egyptian in the characters expressed. The objection 
may be met by assuming that the immediate ancestors of the mutating 
individuals were “diluted” hybrids, which, while expressing only 
Egyptian characters, were in a condition of unstable equilibrium, favor- 
able to mutation. This assuraption would imply that the remote non- 
Egyptian ancestor has made no direct contribution to the characters 
expressed in the mutating descendant and that the only remaining 

i The possibility of inducing the prtxluction of desirable mutants by specially planned hybridization 
has been susscsted by ,Mr, 0 . 1 '. Cook (1913b, p. Sfr-S7). 

* .According to Prof. Balls (1907, p. 57), “all varieties of Egyptian cotton, new or old, contain at least 
50 per cent of plants w'ilh hybrid const itut ions.'' In another work the same author p. 5) states: 
“The nominal vadeties are more or less heterogeneous complexes of heterozygotes.” 
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influence of hybridization is the disturbance of germinal equilibrium 
which manifests itself in the production of mutants. Since, furtlicrniorc, 
the distinctive characters of the mutants were not obsen''ed, singly or in 
combination, among nearly related individuals of the parent stock, the. 
“germinal instability" theory of Gates appears preferable to the “Mcn- 
delian recombination" hypothesis of Heribert-Nilsson as an explanation 
of the known facts regarding mutation in Egyptian cotton. 

Whatever may be the true explanation of the mutability of Egyptian 
cotton, there can be no question that the occurrence of mutants of a 
desirable character, and the relative uniformity during several genera^ 
tions of the resulting varieties, have been a safeguard to the cotton 
industry of Egypt. As fast as the old varieties have deteriorated through 
crossing with one another and with Hindi cotton, new varieties have been 
at hand to replace them. 

In the varieties which have developed in Arizona, persistent roguing 
has so nearly eliminated the Hindi and Upland elements that they are 
scarcely detectable upon careful examination of thousands of plants 
(see p. 292) . These varieties may therefore be expected to remain uniform 
much longer than those which are gro\vn in Egypt, provided that they are 
kept isolated from each other and from other types of cotton. If, not- 
withstanding, deterioration should ultimately take place, the mutability 
of the type affords ground for the hope that new varieties of equal or 
greater value will be forthcoming. The contingency should, however, 
be borne in mind that these varieties, so long as they arc protected from 
crossing with other forms, are likely to be less productive of mutants 
than was the heterogeneous stock of the I^Iit Afifi variety from which they 
originated,^ It is significant in this connection that in the Yuma variety 
during seven generations only one striking and desirable mutant has been 
detected among thousands of plants and that in the Pima variety, which 
is derived from the mutant in question, no tendency to further mutation 
has yet been obser\Td. 

SUMMARY 


The origin of the Egyptian type of cotton is obscure. According to 
one theory, it is a product of hybridization between a brown-linted tree 
cotton and American vSea Island, both of these types having been culti- 
vated in Egypt nearly a century ago. Whether or not this be true, there 
can be no question that the varieties now grown are of mixed ancestry, 
a condition which some investigators regard as favorable to mutation. 

Numerous varieties have appeared from time to time in Egypt. The 
Ashmuni variety, now grown only in Upper Egypt, originated about 1850, 
This variety gave rise in 1887 to the Mit Afifi, and from the latter the 


^ ‘‘Asa rule the new species proved much less mutable than the original 0 . [.amarckiana from which thty 
origiuated. It is only the inconstant forms amongst them which exhibit a very high deigree of mutability, 
as, for example, O. scintillan.'!.” (De Vries, 1909. v. i, P- 296.) 
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Abassi, Yannovitch, Nubari, Sakellaridis, and Assil varieties have suc- 
cessively been developed. 

As grown in Arizona from imported seed, most of the Egyptian varie- 
ties are readily distinguishable by the habit of the plants and by the char- 
acters of the leaves, involucres, and bolls, as well as of the fiber. 

So far as the scanty evidence goes, each of these varieties originated 
wnth a mutant — i. e., an individual plant which showed an abrupt and 
definite change in the characters expressed. This conclusion is sup])orte.d 
by the more complete data at hand regarding the history of the varieties 
which have been developed in Arizona. 

Plant-breeding work in Arizona was begun 1 2 years ago with imported 
seed of the Mit Ahfi variety. Persistent selection of the best plants 
caused some improvement in earliness and productiveness and in the 
quality of the fiber, but the progress was not very substantial prior to 
1908, in which year two types very difTerent from the Mit Afifi were 
recognized and isolated. One of these was the Yuma variety, now 
commercially grown in Arizona. This form has continued to express 
its distinctive characters with a high degree of uniformity, notwith- 
standing the fact that the parent individual and its immediate progeny 
were not protected against cross-pollination. 

Tw'o additional varieties, described in this paper under the names 
*'Pima’' and “Gila,” have lately been developed in Arizona. The 
Pima variety appeared as a single plant of marked individuality in a 
field of Yuma cotton at Sacaton, Ariz., in 1910. Its characters have 
been expressed in its progeny with great uniformity during the three 
subsequent generations. This variety is easily distinguished from the 
parent Yuma variety by its relative limblessness and by the correlated 
retention of the lowest fruiting branches and bolls; by the more uniformly 
deeply 5-lobed leaves; by the shorter, relatively wider, and nearly sep- 
arate involucral bracts; by the plumper and more abruptly and sharply 
pointed bolls; and by the longer fiber. 

The Gila variety is derived from a single plant discovered by Mr. E. W. 
Hudson in a field of the acclimatized Mit Afifi stock grown at Sacaton, 
Ariz., in 1908, In its external characters this type resembles the parent 
Mit Afifi variety much more than the Yuma, but differs from the Mit* 
Afifi in its earlier ripening, smaller vegetative branches, greater pro- 
ductiveness, and longer fiber. The individuality of the parent plant, 
together with the uniformity shown by its progeny during the subse- 
quent generations, indicates that the Gila variety, like the Yuma and 
the Pima, is of mutational origin. 

Egyptian cotton exhibits, although in a minor degree, the tendency to 
develop new varieties by mutation which characterizes Oenothera La- 
marckiana. There is a further parallel in the fact that in both cases 
very similar, if not identical, new characters come into expression at 
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different times and in different places. An example of this phenomenon 
in Egyptian cotton is afforded by the Nubari and the Yuma varieties. 

If the tendency to produce mutants is a result of remote or complex 
hybridization, the mutability of Egyptian cotton might be accounted 
for upon cither of the following grounds: (i) The supposed hybrid origin 
of the type as a whole, or (2) later crossing with other types of cotton. 

Ever since mutation became recognized as a factor in the breeding of 
Egyptian cotton the following methods have been followed in Arizona: 
(i) Recognition and isolation of desirable mutants; (2) selection and 
comparison on the progeny-row basis of those individuals among their 
progeny which express most fully the desirable characters of the new 
type; (3) elimination from the seed-increase fields, preferably before 
blossoming begins, of the aberrant and otherwise undesirable individuals. 
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PLATE XVII 

Field of Egyptian cotton (Gila variety) in blossom at the Cooperative Testing and 
Demonstration Gardens, Sacaton, Ariz., on July 15, 1913. 
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PLATE XVIII 

Fig. I. — A plant of the Yuma variety of Egyptian cotton, photographed on July 15, 
1913, showing the well-developed vegetative branches and the rather poorly devel- 
oped lower fruiting branches. 

Fig. 2. — A plant of the Pima variety of Egyptian cotton, photographed on July 15, 
1913, showing the absence of vegetative branches and the presence of well-developed 
fruiting branches at the low nodes on the axis. 

Fig. 3. — A plant of the Gila variety of Egyptian cotton, photographed on July 13, 
1913, showing in comparison with the Yuma variety (PI. XVIII, fig. i) a smaller 
development of the vegetative branches. 



PLATE XIX 


leaves of the Yuma variety of Egyptian cotton taken from the mmn stem and show- 
ing the strong tendency in this variety to produce 5-lobed leaves. (Qne-fourth 
natural size.) 





PLATE XX 


Leaves of the Pima variety of Egyptian cotton taken from the main stem. In this 
variety the leaves of the main stem are almost uniformly 5-lQbed. (About one- third 
natural size.) 



PLATE XXI 

Leaves of the Gila variety of Ef^'ptiaii cotton taken, from the main stem. In this 
variety the leaves are prevailingly 3-lobed, as is also the case in the Mit Afifi va- 
riety. (One-fourth natural size.) 





PLATE XXII 

Involucres of Egyptian cotton (iiatiiral size). 

Fig. J. — Nubari variety. 

Fig. 2. — Yuma variety. 

In these two varieties the bracts are strongly connate, often forming a closed cup 
around the base of the boll. 



PLATE XXni 

Involucres of Egyptian cotton (natural size). 

Fig. I. — Pima variety. 

Fig. 2. — Gila variety. 

In these two varieties the bracts are shorter than in the Nubari and the Yuma 
varieties, and are separate, or nearly so, to the base. The Gila variety closely resem- 
bles the Mit Afifi. variety in the character of the involucres. 






PLATE XXIV 

Bolls of Egyptian cotton (natural size). 

Fig. 1. — Nubari variety. 

Fig, 2. — Yuma variety. 

Fig. 3. — Pima variety. 

Note the close resemblance in the bolls of the Nubari and the Yuma varieties, and 
the different shape and shallower pitting of the bolls of the Pima variety. 



PLATE XXV 

Bolls of Egyptian cotton (natural size). 

Fig. I. — Mit Afifi variety. 

Fig. 2. — Gila variety. 

Fig. 3. — Big-bolkd strain of the Gila variety. 

Fig, 4. — Sakellaridis variety. 





INFLUENCE OF THE HOST ON THE MORPHOLOGICAL 
CHARACTERS OF PUCCINIA ELLISIANA AND PUCCI- 
NIA ANDROPOGONIS 

By w. H. Long, 

Forest Pathologist, InvesUgaiions in Forest Pathology, Bureau of PU"'i Industry 

Both Puccinia ellisiana Thuem. and Puccinia andropoganis Schw. 
have their telial stage on various species of Andropogon. For its secial 
stage Puccinia ellisiana goes to certain species of Viola, while a number 
of species of Pentstemon are the secial host for Puccinia andropogonis. 

Two years ago the author ^ called attention to the fact that Puccinia 
ellisiana might have its secial stage on Pentstemon as well as on certain 
species of Viola. 

Culture data obtained in 1913 proved that this supposition was cor- 
rect, as both Viola and Pentstemon were infected with Puccinia ellisiana. 
The changes produced in the morphological characters of the uredinio- 
spores when this rust was carried over to Pentstemon were so radical 
that the writer would not publish these culture data until they had 
been tested by another year’s work. During the season of 1914, there- 
fore, special attention was given to the infection of species of Viola 
and Pentstemon with Puccinia ellisiana and the infection of Pentstemon 
and Viola with Puccinia andropoganis. The culture work of 1914 
agreed absolutely with the results obtained in 1913. 

The remarkable feature of the results obtained was not the infection 
of two widely separated hosts by the same rust, but the changes pro- 
duced in the morphology of the urediniospores of Puccinia ellisiana 
after passing through Pentstemon as the aecial host. The urediniospores 
of Puccinia ellisiana have thick verrucose walls, while those of Pziccinia 
andropogonis have thin, echinulate walls. It is mainly on these well- 
marked and constant differences in the urediniospores that the two spe- 
cies are distinguished from each other. When urediniospores are not 
present in the teliosporic material the two rusts are often separated by 
determining by cultures which is the secial host, Viola or Pentstemon, of 
the specimen in hand. 

CULTURE DATA FOR 1913 

DISSEMINATION OF PUCCINIA ELLISIANA AND PUCCINIA ANDROPOGONIS 

The leciospores and urediniospores of both Puccinia andropogonis and 
Puccinia ellisiana are not carried far by wind currents. Six feet is the 
extreme distance yet obseiA'^ed by the writer for the spread of viable 
spores of either species to near-by stools of Andropogon. 

^Long, W. H. Notes on three spedrs d nists on Andropogon. Phytopathology, v. a. p. 164-171. 
August, 1912. 

Journal of Agricultural Research, 

Dept, of Agriculture, Washington, D. C. 

(303 ) 


Vol. II. No. 4 
July 13. 1914 
G-S7 


47531—14 5 



304 Journal of Agricultural Research voi.ii,no.4 


One patch of grass infected by Puccinia andropogonis has been ob- 
served by the writer for four years, and during this time the size of 
the infected area has not increased, though there are many stools of 
Andropogon near the infected area. In the center of this area are 
several infected groups of plants of Penistemon laevigaius, while at a 
distance of 40 feet from these there are other plants of the same species. 
Yet during the last four years the rust has not crossed this 40-foot gap. 
Eight feet from the infected Pentstemon plants no signs of any rust on 
the grass can be found, even in the fall of the year after the rust has 
had all summer to spread. If the rust had ever crossed over the 40’foot 
gap to the grass near the uninfected Pentstemons, it certainly would have 
perpetuated itself, since both aecial and telial hosts were present and 
adjacent to each other. The rust had ample opportunity, as far as 
contiguity of telial host and proximity of infected plants is concerned, 
to be carried this distance. Nevertheless, it was limited to the stools 
of grass immediately adjacent to the infected aecial host, the Pentstemon, 

likewise the aeciospores and urediniospores of Puccinia ellisiana are 
not carried over any great distance by the wind and can only infect 
stools of Andropogon which stand within about 6 feet of the aecial host. 
This has been previously noted by the writer.^ 

The difficulty with which the urediniospores of either Puccinia a^tdro- 
pogonis or Puccinia ellisiana infect other stools of Andropogon was 
clearly shown when the writer attempted to obtain a large amount of 
teliosporic culture material by setting uninfected pots of Andropogon in 
actual contact with the pots containing the grass already infected from 
the aeciospores. The experiment was a failure, as no infection occurred. 
The uninfected stools of grass remained free of the rust, even when the 
tips of the blades intermingled with the blades of the infected stool. 
Check stools situated 10 to 20 feet from the infected stools and planted 
m the same cold frame showed no infection. 

Por two years the writer !ms attempted to transfer the rust from 
stool to stool by inoculating with the urediniospores under bell jars in 
the greenhouse, but has been unsuccessful, even under such favorable 
conditions. This failure to infect with the urediniospores in the green- 
house may have been due to the high temperature and the condition of 
the blades of grass. It is probable that in nature these rusts are able 
to infect adjacent stools of grass on whose leaves the urediniospores 
fall, but to date the writer has been able to obtain infections on Andro- 
pogon only by means of the aeciospores. These facts are given in detail 
to show the improbability of either of these two rusts being mixed in any 
of the culture material used for the experiments performed in 1913 and 
1914. 

Por five years the writer has been studying in field and laboratory 
this group of Andropogon rusts, and during that time the peculiarities of 


Lon;;, W. H. Op. dt., p. 170. 
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each have been noted. It is, therefore, with much confidence that the 
writer sets forth the facts as to the limited spread of each of these rusts 
in the uredinial stage. 

The same thing is true to even a greater extent with Vromyces andro- 
pogonis. Only one time has the writer been able even to carry this rust 
from its aecial stage back to the Andropogon, and then only one or 
two sori were produced. 

A careful study of the fresh urediniospores of both Puccinia ellisiana 
and Puccinia andropogonis under the microscope seems to indicate that 
the epispore in both species is cither slightly viscid or slightly gelatinous; 
and, if this be true, it would explain the inability of the urediniospores 
to spread the rust to distant stools of Andropogon. However, the writer 
is not at all certain that the epispore when fresh has this viscid character, 
but the fact is fully established that in this region neither rust will spread 
very far from its aecial host. In fact, the writer has yet to see a stool 
of infected grass which had certainly been originally infected by uredinio- 
spores. In every instance the infected stools found even in the fall of 
the year were sufficiently close to the Eecial host for the aeciospores to 
have been the only and sole infecting agents. In this respect these 
rusts differ markedly from the common grain rusts, Puccinia rubigo-vera 
and Puccinia graminis, which are able to spread over large areas from 
the urediniospores alone. 

character and source of culture material 

In the culture work of 1913 the teliosporic material used was not 
pedigreed material from inoculations made under control conditions in 
the greenhouse, but was material grown for three years under the writer's 
direct supervision on a plat of ground near his residence in Clarendon, 
Va. The aecial host each year was Viola sagiiiata, and the telial host was 
A'ndropogon virginicus. That there are no Pentstemon plants within a 
radius of a mile of this place w^as determined by a careful search each 
year for the last five seasons. The plat of ground used was a glade sur- 
rounded on all sides by woods consisting of oaks [Qtiercus spp.) and 
pines {Pinus spp.). 

The culture w’ork of 1913 seemed to indicate that the species of the 
aecial host might influence to some extent the ability of Puccinia ellisiana 
to infect Pentstemon. For instance, teliosporic material whose aecial 
host was known to be Viola sagiitala infected Pentstemon, while teliosporic 
material with V, papilionacca as its aecial ancestral host did not. In 
1914, however, telial material from either aecial host readily infected the 
Pentstemon plants. The failure in 1913 of the teliosporic material which 
had V. papilionacea as its aecial ancestral host to infect Pentstemon was 
probably due to two things: 

(1) The first series of inoculations with the rusts from this aecial host 
was made too early. The Pentstemon plants used had not yet reached 
their susceptible period. 
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(2) T'he second scries of tests came so late in the season that it was 
either too hot in the greenhouse to infect the Pentstemon or the telial 
material had lost its ability to infect this unusual host under the existing 
conditions. 

The writer used two species of Pentstemon in the culture experiments 
for 1913 and 1914, Pentstemon laevigaius from Virginia and Pentstemon 
tnbiflorus from Texas. Only the former was infected by either Puccinia 
andropogonis or J^uccinia ellisiana. When the leaves of Pentstemon 
laevigatus are first formed, they are covered with many small deciduous 
hairs, which fall off as the leaf gets older and leave the upper surface of 
the leaf nearly smooth. The leaves are usually not susceptible to either 
rust until after these hairs have disappeared. When the leaves get very 
old they lose their susceptibility entirely. 

There is also often found intermixed with the usual form a strain of 
Pentstemon laevigatus, which retains its hairiness and is at all times 
immune to the rust. 

During the spring of 1913 the writer continued the experiments re- 
ported for 1912 ^ with Puccinia ellisiana and Uromyces andropogonis 
Tracy and also carried on culture experiments with Puccinia andropogo- 
nis and a Puccinia from Oklahoma on Andropogon jurcaius, whose secial 
host proved to be Oxalis stricia. Only the results obtained from Pttc- 
cinia ellisiana and Puccinia andropogonis are given and discussed here. 

To show clearly the pedigree of each lot of teliosporic culture material 
used in the experiments, the secial ancestral host for each year is given in 
the second column of Tables I-IV under the heading “^cial ancestral 
host.’' 

The teliosporic material used in all the experiments here recorded was 
on Andropogon virginicus , and the inoculations were made under control 
conditions in the greenhouses of the Department of Agriculture at Wash- 
ington, D, C. 

Table ^ .-~Teliosl>oTu: Cidiure data for Puccinia ellisiana and P. andropogoyiis 
PUCCINIA ellisiana 


Species inoculated. 

.Eciai ancestral host. 

Date 
of inocu- 
lation. 

Degree of infection. 

Pycnia. 

JEcia, 

Viola tricolor (cultivated 
pansy), 

Viola sororia 


Apr. 7 

Mar. so 

Very vigorous 

Good 

1913* 

.\pr. 15 

Apr. I 
Apr. 7 
Apr. 32 
Mar. 38 

1913* 

Apr. 21 

Apr. 14 
Do. 

Apr, 30 
Apr. 2 
Apr. 14 
Apr. 16 

Apr. 15 

Viola papilionarea, . . . 

IJO 

do , - 

Mar. 24 1 

Mar ' 

. . _ -fin 

Do 

' do 

Fair 

Do 


Only one sorus 

Viola sagittata 


Mar. s 4 ! 

Good, 

Apr. 3 ’ 
Apr. 7 
do 

Do 

1 do 

Mar. sS 


Viola hirsulula 


. . ,do. . . 

Fair. 

Viola pedata. 

do 


No infection. . 


Do 

! dll 


. , _ . .do 



Do 


Mar. 2S 

i. . . - >do 




' Long, W, H. Oj). cit., p, ifi4. 
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Table I. Teliospottc culture data for Puccinia eUisiana and P . andropogofiii—CoTitd, 


i-ucaNiA iSLLisjANA-^xmtioued 




Date 




Species inoculated. 

iEcial ancestral hr.st. 

of iOOCTl- 

Degree of infection. 

Pycnia. 

Aicia. 



lation. 




Viola canadensis 

Viola sagittata 

1915- 
May 13 


1913- 

1913- 

Viola emarginata 

Viola papilionacea 

Mar- 20 

Poor 

Apr, 1 


Do 

do 


Fair.. 

A ^ 


Viola palmafn 

Viola fimbriatula 

May It 

Very vigorous 



Viola triloba 

Viola papilionacea 

Mar. j8 

do 

Apr. 8 


Do 


May 8 

No infection 



Do 

Viola sagiitata 

Apr. IS 

Good 

Apr. 98 


Do 

do. . 

May 7 

do. . . 



Viola primulifolia 

Viola papilionacea 

Mar. 90 

No infection’ 



Do 


Mar. 94 

do 



Do ..... 

do 

Mar. 98 

. ... .do - . 



Do 

Viola sagittata 

Apr. 3 

1 do 1 



Oxalis stricta 

Viola papilionacea 

Mar. 90 

1 dn i 



Do 


Mar. 34 

' do - - 1 



Do 

do 

Mar. a8 

! . do 



Do 

Viola sasittata 

Apr, 9 

1 . . . -dn 



Do 


Apr. 8 ' 

! do 



Peotsteinon laevigatus 

Viola papilionacea 

Mar. 90 ‘ 

.. ..do 


Do - 


Mar. sS 



Do 

do 

Apr. 15 

dn 



Do 


May 5 

do 



Do.. 

Viola sagittata 

Apr. 9 

Very vigorous 

Apr. 8 

; Apr. 20 

Do 


Apr. 6 

do 

Apr. 13 

Apr. 21 

Do 


Apr. 7 

do , . . 


Apr. 24 

Do 


May 7 

No infection ’ 



Do 

do 

May £ 

do 



Do . . 

Viola fmibriatula 

.do. . . . 




Do 

do 

p..l.O.. .. 

do 




rUCCINIA ANDROPOCCNIS 



CULTURE DATA FOR ^CIAL INOCULATIONS MADE IN 1913 ON 
(iKAMINACEOUS HOSTS 


All the inoculations here recorded were made with pedigreed material 
grown under control conditions in the greenhouses of the Department of 
Agriculture at Washington, D. C. 
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Tabi.5 II. — J^cial inoculations -with Puccinia ellisiana and P. andropogonis 

PDCONIA SUaSIAl^A 


Siiecies inoculated. 


AiiHropoKon virginictis 

n<i 

Do 

Do 

Zca mays (torn) 

Do - 

Do 

Do 

Sorghum haleptusc (John* 
sou grass). 


.^Edal ancestral host. 


Date of 
inocula- 
tion. 


( Viola papilionacea, 1312 , . 

\Viola sagittata, jgij 

/Viola sagittata, igii 

\Viola sajfittata, 1913 

(Viola sagittata, 1912 

(Pentsiemon laevigatus, 191 j 

(Viola sagittata. 1912 1 

\ Pentstemon Iaevigatus,i9i3 
(Viola papilionacea. 1913 ... 

\ Viola papilionacea, 1913. . 
(Viola papilionacea. 1912... 

\ Viola triloba, 1913 

{ Viola sagittata, 1913 

Viola tricolor. 1913 (culti- 
vated pansy). jj 

I (Viola sagittata, 1912 V 

\viola sagittata. 1913 

fViola sagittata, 1913 \ 

tPentstemon lacvigatus.igis / 


j^May 

}May 

}Apr. 

j-Apr. 


Degree of infection. 


Vigorous 

[No infection. Crass was 
. diseased with a systemic 
[ smut. 

Vigorous 


(No infection, but distinct 
i pallid spots developed. 
No infection 


'No infection, but perma- 
nent yellow spots devel- 
oped where germ tubes 
entered. 


191.3. 


PUCCINIA ANDROPOUONIS 


Audropogon virginicus 

(Pentstemon laevigatus. . . . 

\....do 

( ...do 



1 ...do 

(....do 

/ do 

Amber -seeded sorglium 

- .do * 

/-.--do 

\ ..do 


Milo maize 

T-.-do - 





Apr. 19 
May 5 
Apr. TS 

May 6 
May rs 
May 5 
May 7 
May s 
May 7 
May s 
May 7 
May s 


Vigorous 

I do - 

I No sori appeared, but j'el- 
low spots appeared on 
blades where inocu- 
lated. 

(No infection, but reddish 
•! spots appeared where 
( 1} lades were inoculated. 


May 2 
May 27 



j-No infection 

do. ... 

do 

do 


CULTURE DATA FOR 1914 
CHARACTER AND SOURCE OE CULTURE MATERIAL 

I^or the culture work performed in 1914 teliosporic material of Puccinia 
ellisiana was used from six different sources and material of Puccinia 
andropogonis from tw^o different sources. 

The teliosporic material of Puccinia ellisiana was (i) pedigreed mate- 
rial inoculated under control conditions in the greenhouses of the Bureau 
of Plant Industry at Washington, D. C.; (2) pedigreed material inocu- 
lated under control conditions at Clarendon, Va. ; (3) pedigreed mate- 
rial from special selected areas near Courtlands, Va.; (4) pedigreed 
material from near Vinson, Va.; (5) material from a region free from 
Pentstemon at Spruce, Va.; and (6) pedigreed material obtained in 
J 913 by inoculating Pentstemon with the teliospores of Puccinia ellisiana 
under control conditions in the greenhouses of the Bureau of Plant Industry 
at Washington, D. C., and then using these aeciospores to infect Andro- 
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pogon plants. In this paper this pedigreed teliosporic material (No. 6) 
is designated ''Puccinia ellisiana from Pentstemon,” in order to dis- 
tinguish it from the teliosporic material of the ordinary Puccinia andro- 
pogonis. The source of each individual lot of inoculating material used 
in 1914 is noted in each table in column 3. 

All of the inoculations were made in the greenhouses of the Bureau of 
Plant Industry at Washington, D. C., and all of the hosts were kept in 
the greenhouses until the urediniospores were fully developed. The 
stools of infected Andropogon were then transferred to widely separated 
cold frames between the different greenhouses where the urediniospores 
and teliospores could develop normally and yet be entirely free from 
chance contamination. 

If the infected grass is kept in the greenhouse all summer and fall, 
the rust fails to spread and finally dies, so that no telial material whatever 
is obtained. This disappearance of the rust from the infected leaves is 
due to several causes, the most important of which are slugs, high tem- 
perature, dry air, and lack of dew' at night w'lien under glass in the green- 
house. 


Table III . — Telinsporic culture data for P2u:cinia ellisiana, P. ellisiana from 
Pentstemon, and P. andropogonis 

rucciNi.s 5;i,LisiAN.\ 


Specie:; inoculated. 

.Social ancestral 
host. 

Source of 
inoculation 
muteriul. 

Date of 
inucula- 

Degree of 
infect ion. 

Pyoiia. 

AJcia. 




7914. 




Viola tricolor (culti- 

Viola sagiltata. . 

Pedigreed, Vin- 

.Apr. J7 

Vigorous 

Apr, 28 

May 6 

vated pausy). 


son. 





Viola tricolor 


dn 

May 12 


May }6 

June 4 

Viola papilionacea. 

do 

do 

Apr. 17 

Pair 

Apr, 29 

May 6 

Viola yalmata 

do 

do 

May 12 

do 

May 26 

June 4 




Apr. J7 




gatiis. 









May 12 

Pair 

May 2^ 









Viola tricolor (culti- 

do 

Pedigreed, Clar- 

Apr. 17 

do 

Apr. 30 

May 7 

vated pausy). 


endon. 





Do 

du 

do 

Apr. ;o 

do 

Aur. 2Q 

^lay IS 





. .. <]o 

May I 

May 12 

Viola sa^ittata. .... 

do 

do 

Apr. J7 

Fair 

Apr. 29 

May 7 


do 

do 

Apr. 16 

Xo in lection 



Viola t'anadensts. . . ! 

.. du 

do 

^l3y ] ; 



pentstemon laevi- I 

do 

i do 

Apr. 16 

Vigorous 

Apr. 27 

May 7 

gat us. 

1 

^ . do 

1 




r>o I 

.do . * . . 


Apr. 1 7 




Do 

' do 

do 

Apr. '.0 

Fair 


^l3y 16 

Do 

.... do 


-Apr. 2; 


May 7 

May 33 

Do 

.... do 


May I'l 




no 

do 

... do 

May 16 

.... do 




do 

do 

. .Apr. JO 




florub. 

t 





, - . . ,do. . . 

. . , , do 





Viola gapilionacea . 

VioU puyiiiun- 

e <l i ^ r e e d 

i Apr. 17 

Fair 

Apr, 39 

May 10 



Courtlaiids, 





Do 

do 


Apr. 28 




Viola tricolor, 

j do. 

' do 

.Apr. 17 

Poor 

May 1 

May 10 

Viola canadpiisis . . . 

i,... do 

do 

May 8 




iPcntstcnioii laevi* 


: ... du 

1 Apr, 17 



fiatus. 

1 




Do 

1 do 

do 

.Apr. 38 

Good 

May 10 

May 20 

Do 

1 do 

do 

May s 




Do 


: do 

. May 8 

Good 

May 17 

i May 26 


■ PentstemoQ too young. 
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Table III . — Teliosporic culture data for Puccinia ellisiana, P. ellisiana from 
Penisiemon, and P. andropogonis — Continued 


FucamA BLUEiANA — Continued 


Species inoculated. 

jEcial ancestral 
host. 

Source of 
inoculation 
material. 

Date of 
inocula- 
tion. 

Degree of 
infection. 

Pycnia, 

,£cia. 




1914. 


1914. 

1914- 

Viola tricolor ... 

Viola sagittala, , 

Pedigreed , 

Apr. 16 

No infection. ... 1 





greenhouse. 




Do 

rir> 

.do 

Apr. 20 

Good 

Apr. 29 

May s 

Do 

do 

- - . - do 

May I 

Fair 

May 11 

May 22 

Viola tricolor ar- 

do 

do 

Apr. 33 

do 

May 8 

May 16 

vensis, 

Viola sororia, 

do 

do 

Apr. 16 

do 

Apr. 28 

May 10 

Pentstemon tubi- 

do 


.do.,... 

No infection, , .. 



florus. 



. do... 

do 



gatus. 







Do 

do 


Apr. J9 

Very vigorous.. 

May zo 

May 20 

Do 

do 

do 

Apr. ao 

Vigorous 

May 1 

May IS 

Do 

do 


Apr. 

do 

May 5 

May 12 

Do 

do 


Apr. ao 

do 

May 2 

May 18 

Do 1 

do 


Apr. 23 I 

do 

May s 

Do. 

Do 

do 

do 

... do - - - 


May 2 

May IS 

Do - 

do 

do 

Apr. 28 


May 9 

May 20 

Do 

do 


. ..do 

do 

May 14 

May at 

Do ! 

do 

1 do. 

.. .do, . . . 

f do 

May 8 

May 18 

Do 


do 

.. .do. . . . 

1 do 

May It 

May ao 

Do 

do 

1 do 

Apr. 30 

do 

May IS 

May 23 

Do 

do.. 

1 do 

May I 


May 9 

May 22 

Do 

do. 

i do 

. . do. . , . 


May 10 

Do. 

Do 

do 

do 

. . .do, , . , 

do 

May 8 

May 21 

Do 

do 

! do 

...do., . 

do 

May 10 

May ao 

Do 



L . . do . . . . 

do 

May zi 

May 22 

Do 

do 

do 

.do. . , . 

.do 

May 9 

May 20 

Do 

do 

1 do 

j May 2 


May 14 

May 32 


PUCCINIA ellisiana FROW PENTSTEMON 1 


I VioU sa£;ilta.tR, J 

191Z. ilPedicrecd, green- Apr. 20 Good May 5 May ao 

Pcntstemonlaev- j bouse, 
igatus, T91J. .) 

Do. I do : do May i do May 8 May at 

Do do do May 8 Noinfcction 

Viola tru«lor{culti- j- ... .do ; do Apr. j6 do 

vated pansy). j 

Do ! do do Apr. 20 Very sparse May j May 8 

Do ■ do .....do Apr. 23 do May 5 May 14 

Do — I do... do.,,, Apr. 38 Vigorous May R May ao 

Do I do ■ do.. May 8 do May ao May 28 

Do I do do do do May 33 June 4 

Do [ do ' do... do do May iS June 2 

Viola pabnata j do... do do.... Vigorous.. do... June i 

Viola sagittata j do do Apr. 20 No infection 

Violapapilionacea..] do ' do Apr. i6 do 

Do ! do I do. May 1 do - 

I ! 

PUCCINIA ANDROPOGONIS * 


Pmtstemon laevi- 1 Pentstemonlac- Queen May i Very vicorous,. . May 9 May 37 

gatus. V igatus. j 

Do do ' do I May 8 Fair 1 May xg May 25 

Do ; do • do .do No infection ' 

Do do do -...do Fair [May so May 27 

Do. ; do ■ iki j...do do May 19 May 26 

Do ‘ do I do May 16 Veryvigorous. .. May 29 June 3 

Do : do I do ! May j8 Fair 1 May June 4 

' All of the teliosporic material used in this set of experiments was obtained by inoculating Penlstemou 
laevigatuf with the tcliospores of Puccinia ciiiiiana in the spring of 1913 . 'J'lie resulting reciospores from the 
Pentstemon leaves were then sown on Andropogon lirginkus. All was done under control conditions in 
the ereenhouse. The rust thus obtained on A ndropvgon xirginUus is here called " Pun inia ellisiana from 
Pentstemon,” although it docs not dificr mateiially from the ordinary Pweetnio andropvgonts whose gcial 
host is normally Pentstemon. 

* The teliosporic material used in these experiments was on A ndfvPogon vtrginicus and came from two 
sources; (i) Pedigreed greenhouse material inoculated and grown under control conditions at the green- 
houses of the Department of Agriculture at Washington, D. C.; and (2) pedigreed material grown under 
observation for 3 years at Queen, Va. 



July r 5, 1514 


Inftiience of Host on Puccinia 


3^1 


Tables lll.—Teliosporic culture data for Puccinia ellisiana, P. ellisiana from, 
Pentstemon, and P. andropogonis — Continued 


rucaNiA ANDROPOGONIS— <»ntiaucd 


Species inoculated. 

.<Ecial ancestral 
host. 

_ Source of 
inoculation 
material. 

Date of 
inocula* 
tiun. 

Degree of 
infection. 

Pycnia. 

. AScia. 

! 

Pentstemon tubi- 
florus. 

Do. ! 

Pentstemon lae- 
vigatus. 

do 


1914 - 
May I 

May 8 I 
May z6 ' 
May I 


1914. 

1914. 





Do ' 

do 





Viola papilionacea. , 




May 10 

j May 22 

Do. 



TCfi i inn 

Do 


! Hr. i 

May 8 
May 16 

1 May 8 

rin 



1 May 20 j 

1 May 30 

Do 1 


No infection.... 

Sparse ; 

No infccUon. . . , . ' 

Viola palmata 


May 20 j 

May 29 

Vtolatriloba 1 

do 


Do ' 



May 16 
May 8 
May r6 
c . do 



Viola hirsutula 




Viola sororia . 

Viola fimbriatula - .1 

do 






Viola sagittata 



ilay i 
: May 8 

■ May I 

.. .do 

. . ,do. « ■ . . 

' do .i 


Viola tricolor i 



Do 

do 



Pentstemon laevi- 
gatus. 

Viola papilionacea. . 

do 

1 Greenhouse 


1 May 9j May 22 


rj ■ ; ' 

Do, 



' *■ i 

'May 9 j May 23 


1 





CUI.TURB DATA FOR AJCIAD INOCULATIONS MADE IN 1914 ON 
GRAMINACEOUS HOSTS ^ 

Tabl,^ YW .~£cxal inoculaiions with Puccinia ellisiana, P. ellisiana from Pentstemon, 
and P. andropogonis 

PUCCINIA ELLISIANA 


Species inoculated. 


.^cial ancestral host. 


pate of 
inocula- 
tion. 


Degree of infection. 


Andropogon virginicus. 

Do 

Do 

Do 

Do 

Do 

Do 


fViola sagittata, 1913 

iViola sorwia, 1914 

IViola sagittata, 1913 

(Viola sagituta, 1914 

(Viola sagitlata, 1913 

(Viola sagittata, 1914 

(Viola sapttata. 1913 

(Viola tricolor (pansy), 1914, . . 

IViola sagittata. 1912 

Viola sagittata, 1913 

[pmtstcmon lacvigatus, 1914. . 

IViola sagitlata, 1912 

Viola sagitlata, 1^13 

[POTtstcmnn laevigatus, 1914.. 

(Viola sagitlata, 1912 

Viola sagitlata, 1913 

IPentstemon laevigatus, 1914,. 


Xeavcs old, but infet- 
. tioii good. 


\ igorous. . 
Fair 


ijMay 

jway 

jMay 25 I di 


do,. 


1914. 
June 4 
I June I a 
May as 
Do. 

June I 
Do. 


June 


PUCriNIA LLLISIAN.t FROM PENTSTEMON 


Andropogon virginicus 

fViola sagittata, igtj 

Pentstemon laevigatus, 1913.- 

■May 13 

Poor 


Do 

;vio!a tricolor (pansy), 1914. .. 

(Viola sagitatta, 1912 

Pentstemon kievigatus, 1913. . 
.Pentstemon lae vigatus, 1914. , 

[\’iola sagittata, 1912 

1 Pentstemon laevigatus, 1913.. ■, 

May 22 

May 2s 



Do 

' Fair 

. . ^ J une 

i 

Do 

IViola tricolor (pausy), 1914. • • 1 

(Viola sagittata, 1912 

fPentstemon laevigatus, 1913.,:, 

1 

j-Junc 1 

1 do 


1 

(viola palmata, 1914 

i' 


; 


_ ‘ All the inoculations here recorded were made with pedigreed material grown under control conditions 
m the greenhouses of the Department of Agriculture, at Washington, D. C. 
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Tabi.® IV. — jEcial inoculaiions with Puccinia elHsiana, P. ellisiana from Pentstetnon, 
and P. andropogonis — Continued 

PUCCmiA ANDROPOGONIS 


Sp«cies ix KTU I at ed . 


Andropogon virgiDicus, 


Do. 


Do, 

Do. 


! 

ancestral host. | 

1 

Date of 1 
1 iuLKiila- 1 
1 tioii. 

DcKTce of infection. 

Uredi- 

ula. 

fPentstenaon laevigatus, 1913..: 

1914- 

1 


1914. 

jPentsicmon Uevigatus, 1913.-1 
(Pentstemon lac vigatus, 1914.. 
IPentstemonlacvigatus, 1913.. 

|May 22 

1 Very vigorous 

May 30 

( Pentstemon laevigatus, 1913.. 
(Pentstemon laevigatns, 1914., 
j Pentstemon laevigatas, 2912,. 

jjunc I ' 
1 ! 

Vigorous 

June IS 

j Pentstemon laevigatus, 1913.. 

(viola papilionacca, 1914 

(Pentstemon laevigatus, 2912.. 

|May 22 ^ 

■ 

i Good 

June I 

(Pentstemon laevigatus, 1913., 
(Viola papilionacca, 1914 

}May 29 ‘ 

1 

i 

June 12 


DISCUSSION OF DATA 

These tables show that the cycle from a graminaceous host back to a 
graminaceous host was completed for each species of rust under discus- 
sion. They also show that PiKcinia ellisiana was carried over to Pent- 
stemon, then to Andropogon, then back to both Pentsteraon and Viola, 
and that this was done with pure pedigreed material grown under control 
conditions at the greenhouses of the Department of Agriculture, Wash- 
ington, D. C, The cultures made in 1913 with Puccinia ellisiana show 
that the teliosporic stage of this rust is able to infect both Viola (its 
usual host) and Pentstemon (the common host for Puccinia andropo- 
gonis). These results were duplicated with pedigreed greenhouse mate- 
rial in the culture experiments made during 1914. The material used 
in 1914, as previously noted, came from six different sources. The 
Tiiaterial from five of these sources was pedigreed, and from three was 
both pedigreed and grown under control conditions. Precaution w^as 
taken to prevent contamination of the culture material and cultures 
throughout all of the experiments made in 1913 and 1914. The culture 
teliosporic material used was carefully checked under the microscope to 
further insure its purity. In no case were any signs of contamination 
found. The characteristic urediniospores for each rust were never found 
ill the culture material of the other. 

The author fully realized that on the purity of his teliosporic culture 
material would depend the validity of his entire series of experiments; 
hence every effort was made to prevent contamination, and apparently 
these efforts met with complete success. It was to prevent any chance 
contamination vitiating the experiments that material was used from 
so many (six) different sources, as it was very improbable that pedigreed 
material from widely separated areas would all be contaminated. The 
teliosporic material of Puccinia ellisiana from each of the six sources 
infected the Pentstemon plants and also infected the various species of 
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Viola used in each set of inoculations. In many instances the infection 
of the species of Pentstemon was very abundant and vigorous. This 
was especially true when the leaves of the Pentstemon sp. were at their 
optimum period of susceptibility. 

Puccinia ellisiana did not infect the species of Pentstemon as abun- 
dantly as it did certain highly susceptible species of Viola. Nevertheless 
the infection of Pentstemon sp. was so great in many cases that if the 
material had been contaminated with Puccinia andropogonis the thin- 
walled, echinulate urediniospores characteristic of this rust would easily 
have been found in the culture material. In not a single instance was 
there a failure to infect the Pentstemon plants with Puccinia ellisiana if 
the leaves had reached their susceptible period. Two to four pots of 
spedes of Pentstemon were used in every set of inoculations, and not only 
was every plant infected, but in many instances every leaf and even the 
stem was attacked. In some cases the leaves were so badly infected that 
they died before all of the aecia opened. 

When dthtr ‘'Pitccinia ellisiana from Pentstemon” or the ordinary 
Puccinia andropogonis was used, the inoculated species of Pentstemon 
were more vigorously and abundantly infected than when typical Puccinia 
ellisiana material was used. However, when the attempt to carry 
Puccinia ellisiana from Pentstemon” back to Viola was made, the rust 
would and did go on to Viola, but with great difficulty. 

The data given in the tables do not show this condition fully, for out 
of nearly 50 pots of Viola spp. inoculated only 8 plants were infected. 
On these 8 plants the infection was very meager. On each of 2 of 
these plants three leaves were infected, but on each of the other 6 
only one leaf was infected and only one soriis to a leaf developed. This 
is also true of Puccinia andropogonis. It will infect certain species of 
Viola, as the culture table shows, but only very sparingly and then only 
under the most favorable conditions. 

The teliosporic culture material of “Puccinia ellisiana from Pentste- 
mon” must be very virile and used in large quantities under the most 
favorable culture conditions and on a large number of plants of Viola 
to obtain any infection whatever; and when infection does occur only an 
occavSional leaf out of a large number develops a sonis, while the check 
plants of Pentstemon used with Viola spp. under the same bell jar or in 
the same inoculating chamber are literally covered with sori. This 
means that hundreds of viable sporidia w*ere discharged on to the violets 
and that only an occasional one was able to establish a foothold in the 
tissues of the violet and finally produce a^eia. With less virile teliosporic 
material and under less favorable culture conditions, inoculations made 
on species of Viola with either Puccinia andropogonis or with “Puccinia 
ellisiana from Pentstemon” would probably fail to infect a single plant. 
This is exactly what happened in the culture experiments of 1913. No 
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infection whatever was obtained from Puccinia andropogonis when its 
teliospores were sown on violets. 

The Pentstemon sp. inoculated with Puccinia ellisiana were infected 
about one-half as heavily as the Pentstemon sp. inoculated with Puccinia 
andropogonis, the usual Pentstemon rust, but no failure to infect suscepti- 
ble species of Pentstemons with either rust occurred in the experiments 
of 1914. 

A test was made with Puccinia ellisiana in the open. A small quan- 
tity of pedigreed teliosporic material of this rust grown under control 
conditions at the greenhouse was fastened among the leaves of a bunch 
of species of Pentstemon growing in open cold frames. The resulting 
natural infection was exceedingly vigorous and abundant. There were 
10 to 15 aedal son on some of the larger leaves, while every leaf 
(30) which reached the susceptible period during the viability of the 
teliospores was infected. This proves conclusively that in nature the 
ordinary rust on Viola {Puccinia ellisiana) is able to infect Pentstemon 
under the conditions normally obtaining in the field, and that all that 
is necessary is to have Pentstemon plants intermixed with stools of 
Andropogon which are infected with Puccinia ellisiana. 

INCUBATION PERIODS 

Table V shows a very variable incubation period for each rust. This 
variability was to be expected, as it is well known to those mycologists 
who have done much culture work with rusts that the incubation period 
varies materially with the environment and host. It increases in length 
of time as the temperature rises in the greenhouses, and finally infection 
may cease entirely with extreme heat. But after making due allowances 
for these factors some interesting facts are seen when each year’s cultures 
are compared. For instance, the incubation period of Puccinia ellisiana 
on violets for 1913 ranged from 13 to 25 days, with an average time of 
18 days, while the same rust on Pentstemon in 1913 ranged from 15 to 1 8 
days, with an average of 17 days. This shows a much greater variation 
in the range of the aedal incubation stage of Puccinia ellisiana when on 
Viola than on Pentstemon, but nearly the same general average. The 
greater variation in range on species of Viola is probably due to the fact 
that several species of Viola were used in the inoculation experiments, 
while only one species of Pentstemon was infected, since the species of 
Viola used often seems to influence to a limited extent the incubation 
period. In the cultures of 1914, however, there is about the same amount 
of variation for Puccinia ellisiana on Pentstemon as on Viola. (See 
Tabic V.) 
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Tablb V . — Incubation period of each rust 



Incubation of aecia. 

Incubation of uredinia. 


Species of rust. 

Host inocu- 

Period. 

i : 

Host inocu- 


Period . 










Uted. 

Year. 

Range. 

Aver- 

age. 

lated. 

Year. 

Range. 

Aver- 

age, 


f Viola spp 


Days. 

Days. 



Days. 

Days. 

Pucdiiia ellisiana 

1912 ; 

15 to 24 

SO 

Andropogon , . 


12 


{ do 


13 to 25 

18 

do 

1913 

*7 

r? 


i do 

Igl4 

13 to 25 

21 

do 

1914 

13 to iS 

16 


fPentste m 0 n 





1913 

17 


Do . 

{ sp. 

1 do 






1914 

18 to 31 i 

33 


1914 

9 to ir 

TO 

Puccinia ellisiana | 

p’'iola spp 


18 to 29 1 
14 to 21 

33 

18 



10 to if) 


from Pentste- 

fPentstemott 

1914 

.. ..do 

19T4 

1914 

10 

mon. 

1 sp. 






fPentst e m 0 n 

1913 

1914 1 

16 to IJ 

X 7 

iln 


12 to T.3 

8 to 14 


Puccinia andro- 

sp. 

1 do 

17 to 51 




pu^ouis. 

Viola spp 

^9^3 
1914 ! 





1, do : 

19 to 22 


Andropogon . . 

1914 

1 

10 to 14 

,2 


When an attempt is made to carry the rust on Viola spp. {Puccinia 
ellisiana) back from Pentstcmon to Viola, the incubation period is materi- 
ally lengthened. This is shown in Table V under ‘ ‘ Puccinia ellisiana from 
Pentstemon, Viola spp., 1914/’ where the incubation stage ranges from 
18 to 29 days, with an average of 23 days, while the same nist on Pent- 
stemon ranges from 14 to 21, with an average of 18 days. The same 
lengthening of the incubation period also occurs when Puccinia andropo- 
gonis is carried over to species of Viola. In this case the range is 19 to 
22, and the average is 21 days. In general, the incubation period in the 
change from Viola to Pentstemon is more uniform than in the change from 
Pentstemon to Viola. 

The short incubation period shown in Table V for the urediniospores 
for 1914 is due to the fact that the blades of Andropogon were very young 
and tender when inoculated. This condition of the grass was obtained 
by cutting all the first leaves off and forcing a new lot to develop in the 
greenhouse. On leaves which had developed in cold frames and then 
inoculated the incubation period was perceptibly longer. 

A comparison of the averages of the incubation periods given in Table 
V for all the rusts on violets with those on Pentstemon show's that on the 
violet the general average is 21 days, while on Pentstemon it is 19 days. 
After making due allowance for the other factors known to influence the 
incubation period of rusts, this indicates that the aecial host and not the 
species of rust is the main factor in determining the variability and 
average length of the incubation period. 
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MORPHOLOGICAL CHARACTERS 

When Puccinia ellisiana infects Pentstemon and the resulting aecio- 
spores are sown on Andropogon, the urcdiniospores thus obtained are 
no longer typical Puccinia dlisiana spores, but have the thin echinulate 
walls characteristic of the ordinary Pentstemon rust, Puccinia andro- 
pogonis. When the teliosporic material thus obtained is sown on species 
of Viola and the aeciospores from the infected violets are sown on Andro- 
pogon, the resulting urediniospores go back to the form typical of the 
regular Viola rust, Puccinia ellisiana. In other words, if the regular 
rust of Viola passes through Pentstemon, it develops urediniospores of 
the ordinary Pentstemon rust, Puccinia andropogonis ; if it is now passed 
back through Viola spp., it develops the urediniospores of the typical 
Viola rust, Puccinia ellisiana. If, on the other hand, Puccinia andro- 
pogonis is sown on both Viola and Pentstemon, the Viola spp. will be 
very sparingly infected, as previously stated, and the seciospores from 
this infection when sown on Andropogon produce urediniospores typical 
of the regular Viola rust, Puccinia ellisiana, while if the same teliosporic 
material is sown on Pentstemon and the aeciospores thus obtained are 
sown on Andropogon, urediniospores typical of the Pentstemon rust are 
developed. In each case the determining factor as to the characters of 
the urediniospores is the secial host. This fact can be more clearly 
shown by the following diagram : 

Diagram Showing Pi,an or Cross ! nocui.aTions with Puccinia Eclisiana and 
P. Andropogonis 


1913- 

Viola to Andropogon. 

(P. ellisiana). 


1912. 

(i) Andropogon 
{Puccinia ellisiana).* 


1913- 

Pentstemon to Andropogon 
(P. andro-' 

‘ pogonis). 


1914. 

’Viola to Andropogon 

(P, ellisiana). 

1914. 

Pentstemon to Andropogon 
' (P. andropo- 

, gonis). 

1914, 

[Viola to Andropogon 

(P. ellisiana). 

1914. 

j Pentstemon to Andropogon 

(P. andropo- 

[ gonis). 


1914. 

[Viola to Andropogon 
1913. (P. ellisiana). 

(2) Andropogon I 

(Puccinia andropogonis).] I9i4' 

Pentstemon to Andropogon 
I (P. andropogonis). 


All of the experiments represented in the above diagram were per- 
formed and all of the culture material used, both telial and secial, was 
grown under control conditions in the Bureau of Plant Industry green- 
houses at Washington, D. C.' This diagram represents not only what 
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the author supposed might occur, but what actually did happen. The 
dates shown above each host indicate the year in which each set of ex- 
periments was performed. 

In Table VI are grouped the principal morphological characters of 
each rust under discussion, so arranged that they can be readily com- 
pared. 

TablU VI . — Morphological characters of Puccinia ellisiana and P. andropogonis 


of (fTOwth and 
morjihology. 


Pucdoia ellisiana on or 
from Viola. 


Puccinia ellisiana on or 
from Fentstemon. 


Puccinia andropogonis on 
or ironi Pcntsteinon. 


iBcia: 

Height 

Diameter 

ajdat cavity.,.. 
Per idia, color . , . 
Perid ia , seg- 

Peridia 

.Scdosporcs: 

Shajie. 

Markings 

Size, range 

Size, average . . . 


Variable, often very long 

27s to 410/*; average for 10, 
350A- 

1101016571; average for TO, 
MSP- 

Orange, slowly fading to 
white. 

Irregular, 4 to 10; not 
strongly reflex ed. 

Opens tardily 


Variable, usually very 
short (0.5 mm.). 
1351031571; average for 30, 

260/1. 

115 to 150/1; average for lo, 
150/1. 

Pale yellow, quickly lad- 
ing to white. 

Irregular. 3 to 6, strongly 
reflex crl. 

Opens very soon 


Subglobosc J Subglobosc. - 

Verruculose : Verriiculose 

12 to 17 by 16 to i8/i. 1 r6 to 20 by 18 to 23/1 

For 10 spores, 15 by ; Average for ra sixires, 18 

j by 2i;(. 


Varialde, very short (0,5 
mm. or kss). 

225 to 315/1; average fur 10, 

25J/S 

125 to 165/1; average for it>, 
135/i- 

Pale yellow, quickly fad- 
ing to w’hite. 

Irregular, 3 to s, strongly 
reflexed. 

Opens very soon. 

Subglobose, 

Vtrruculose- 

1710 SI by rg to 24/1. 

Average lor to spores, 19 by 

22.5/1. 


U red inios pores: 

Shape. 

Walls 

Markings 

Size, range 

Size, average . . . 

Germ pores 

Teliospores: ! 

Pedicel length . . ! 

Size, range 

Size, average . . . 

Apex 


Ellipsoid to subglobose — 
Thick, 3 to s/'J olten 
thicker at apex. 
Verruculose; warts, 15 to 
25 across spore, 

r6 to 19 by 21 to z.t/i 

Average for 10 spores, 17 5 
by IQ. 5/1. 

4, eiiuatorial . 


-i Subglobose <0 globose 

j Thin, 2/1, uniform 

I Spiniilrise; spinulcs, 12 to 
14 across spore. 

30 to 24 by 20.8 to 25.6/1 — 
Average for 10 sjioreSi 22.1 
by 22 .K?/i. 

4, equatorial 


Subglobosc to globose. 
Thin, 1.5 to 2/1, imibmi. 

Spinulosc; spinules, 10 to 
12 across spore. 

21 to 23 by 22.4 to 25.6/1. 
Average lor 10 stxires, 22.3 
by 73/). 

4, equatorial. 


16 to 64/1; average for i 
spores, 46/1. 

16 to 23 by 32 to 4511 

Average for la sixires, 2 
by 38. 5/1. 

Thickened, 3 to 8/1. .... . 


i6 to 57 k; average for 10 
spores, 39K- 

t6 to 23 by 28 to 3S/I 

Average lor 10 spores, iq.8 

by 32.4K- 

Thickened, 2 to 6;i 


16 to 4s/i; average for 10 
spores, 35 ;i- 
16 to 24 by 32 to 40/1, 
Average for 10 spores, 20 by 
351'- 

Thickened, 2 to sn- 


This tabic sliows some very interesting things. For instance, under 
height,” the characters of Puc.cinia ellisiana when on Pentstemon 
are practically identical with those of Piiocinia atviropogonis; under 
“Diameter” the characters are intermediate, but much nearer Puccinia 
andropogonis than Puccinia dlisiana; under “Peridia” a decided change 
is shown in color of peridia, number of segments, and time of opening, 
from the regular Puccinia ellisiana characters to those belonging to 
Puccinia andropogonis . 

Under “4Eciosporc.s” the shape and markings of the spores of eacli 
rust arc the same, but in size the seciospores of Puccinia ellisiana on 
Pentstemon arc intermediate between tiie typical Puccinia ellisiana on 
Viola and Puccinia andropogonis on Pcntstcnion, 

Under “Urediniosporcs” all of the fundamental differential characters 
of the urediniospores of Puccinia ellisiana (shape, size, apex, walls, and 
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markings on the walls of the spores) have been changed by the new 
secial host, Pentstemon. The spores have changed from thick to thin 
walls, from verruculose to spinulose, from ellipsoid to globose, from 16 
to 19 by 21 to 23;! to 20 to 24 by 20.8 to 25.6^1, from walls with 15 to 25 
warts across the spore to walls with 12 to 14 spinules across. In every 
instance the Viola rust has changed its characters to those of the ordi- 
nary Pentstemon rust. In the teliospores the same trend away from 
the characters of the typical Viola rust and toward those of the ordinary 
Pentstemon rust is seen. The characters of the teliospores of "'Puccinia 
ellisiana from Pentstemon" are more nearly intermediate between the 
two regular rusts than are the characters of any of the other stages, but 
the difTerences in the characters of the teliospores of the typical Puccinia 
ellisiana and Puccinia andropogonis are so slight that one is usually not 
certain which rust he has unless the urediniospores are present. In 
other words the characters of each successive stage of Puccinia ellisiana, 
when it has Pentstemon for its aecial host, change to correspond to those 
of the ordinary Pentstemon rust, Puccinia andropogonis. 

The large number of successful cultures made on Pentstemon with 
Puccinia ellisiana, the vigor and abundance of the infections obtained, 
the character of the culture material used, the many sources from which 
the culture material came, the use of pedigreed culture material grown 
under control conditions in the greenhouses, the special care taken in 
the actual culture work to avoid accidental contamination, and the 
duplication this year of last year’s culture results, all prove conclusively 
that the results obtained in these experiments were not due to accidentally 
contaminated culture material — that is, to telial material containing 
viable spores of both rusts — but were due to changes produced by the 
aecial host through which the rust passed. 

The infection of Viola spp. by Puccinia andropogonis and by “ P^iccinia 
ellisiana from Pentstemon” further corroborates the results obtained 
with Puccinia ellisiana. These experiments undoubtedly show that the 
ordinary Pentstemon rust, Puccinia andropogonis, can be produced 
from the Viola rust, Puccinia ellis'iam, by simply passing Viola rust 
through Pentstemon as an aecial host. This process is so easy and the 
infection so vigorous and abundant that it certainly can and does occur 
in nature, thus originating the ordinary Pentstemon rust. But the 
reverse process, the passing of the regular Pentstemon rust through the 
Viola spp. and thus back to Puccinia ellisiana, is so difficult to accomplish 
even under the most favorable conditions that it seems probable that 
such a process would rarely, if ever, occur in nature. 

Puccinia ellisiana and Puccinia andropogonis are then but different 
forms of the same species, since both can be produced from the same 
telial ancestor. 
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The modification of such profound morphological characters as shape, 
size, thickness, and markings of the walls of the spores by aecial or 
other hosts opens a broad and very important field for scientific research. 
It may prove to be the key to many anomalous conditions in the life 
history of the Uredinales which hitherto have appeared inexplicable. 

The practical importance of these facts in relation to rusts of economic 
importance, such as those attacking cereals, truck crops, fruit and forest 
trees, is evident. 

SUMMARY 

(1) Puccinia ellisiana has two widely separated aecial host genera, 
Viola and Pentstemon. 

(2) The infection of Pentstemon by Pziccinia ellisiana is vigorous and 
abundant, 

(3) The characters of Puccinia ellisiana after passing through 
Pentstemon are entirely changed. 

(4) The new characters assumed by Puccinia ellisiana correspond in 
every essential feature to those belonging to the Pentstemon rust, 
Puccinia andropogonis. 

(5) The infection of Viola spp, by the ordinary Pentstemon rust, 
Puccinia andropogonis, also occurs. 

(6) The characters of the rust obtained by inoculating species of Viola 
with Puccinia andropogonis are those of the regular Viola rust, Pticcinia 
ellisiana. 

(7) The transfer of Puccinia ellisiana from Pentstemon back to the 
Viola is much more difficult than that from the Viola to Pentstemon. 

(8) P'liccinia andropogonis may easily have originated in nature from 
Pticcinia ellismna. 

(9) In the case of the rusts under consideration the determining 
factor as to the characters assumed by the spores is the aecial host. 
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ABILITY OF STREPTOCOCCI TO SURVIVE 
PASTEURIZATION 


By S. Henry Ayers, Bacleriologist, and William T. Johnson, Jr,, Scifniific 
Assistant, Dairy Division, Bureau of Animal Iridustry 

INTRODUCTION 

In this paper the group name “ streptococcus” is used to designate 
bacteria which are spherical in form and which divjde in one axis only, 
forming chains of from two to many cells. Among the pathogenic 
streptococci may be mentioned those causing inflammations and sup- 
purations, of which Streptococcus pyogenes is an example. Among the 
nonpathogenic streptococci is a certain species of acid-forming bacterium 
which has been described as Streptococcus lacticus. 

It is generally assumed that cocci do not form spores and the vegeta- 
tive cells would not be expected to withstand Pasteurization. It has 
been shown, however, in previous publications,^ that certain strains of 
lactic-acid bacteria, which would be classified among the streptococci, 
were able to survive Pasteurization. These strains had a high thermal 
death point; to destroy one culture in milk it was necessary to heat for 
30 minutes at 75.6° C. (168® F.). 

Pennington and Walter ^ also found that streptococci in cream sur- 
vived PavSteurization, but they attributed this to the inefficiency of the 
Pasteurizing process. 

It is evident that certain varieties of streptococci are able to survive 
Pasteurization, while other varieties are probably always destroyed. 

Da vis, ^ in a study of the streptococci in milk and their relation to septic 
sore throat, found that streptococci isolated from cases of sore throat 
were readily killed by heating at 60® C. (140 ®F.) for 30 minutes. 

Hamburger * found that a streptococcus isolated from a patient having 
septic sore throat was killed by heating to 62.8° C. (145® P\) for 20 
minutes. 

These results, together with the protection which proper Pasteurization 
seems to afford against epidemics of septic sore throat from milk supplies, 

^ Ayers, S, H , and Johnson, W. T., jr. The bacteriology of comttiercially Pastcurued and raw market 
milk. U,S. Dept. Agr. Bur. Anim. Imiiui. Bui, 12O, 98 p,, 16 fig., J910. 

A study of the bacteria which survive lasteuriration. U. S. Depf. Agr. Biir. Anim. 

Indus, Bu(. r6i, 66 p., jo fig., lyio. 

* Penoington, Mary E., and Walter, Georgiana. A bacteriological study of commercial icc cream. In 
N. Y. Med. Jouf-, v. 86, no. 25, p. toij-1018, 1907. 

> Davis, D. J. Bacteriologic study of streptococci in milk in relation to epidemic sore throat. In Jour. 
Amer. Med. Assoc., v. 58, no- *4, P-' 1852-1854, iqh- 

* Hamburger, L,. P- The Baltimore epidemicof streptococcus or septic sore throat and its relation to a 
milk supply. In Bui, Johns Hopkins Hwp., v. 24, no, 263. p. i-ii, S fig., pL r, 191,;. 
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indicate that the varieties of streptococci associated with or responsible 
for this disease are among those varieties which have a low thermal death 
point. 

determination of thermae death point 

In these experiments the following method of determining the thermal 
death point has been used. The streptococci were grown first in plain 
neutral extract broth for 18 hours and then inoculated by means of a 
small-bore pipette into litmus-milk tubes. Tour drops constituted an 
inoculation in each milk tube. In making the inoculation care was taken 
not to have any of the culture touch, or any of the inoculated milk wash 
up on, the sides of the tube, either during the handling or during the 
subsequent heating. 

The inoculated milk tubes were heated in a large water bath and the 
temperature of the milk was recorded in a control milk tube by a ther- 
mometer placed in the milk. The temperature in the tubes was not 
allowed to vary over half a degree in either direction. In all the experi- 
ments the heating period was 30 minutes at a given temperature. After 
heating, the tubes of milk were quickly cooled to about to° C. (50° T.), 
incubated at 37° C. (98.6° E.), and the reactions recorded. Growth in the 
tube indicated that the organism was not destroyed at the particular 
temperature to which the milk had been subjected. In every case the 
tubes were run in duplicate, and in general both tubes had to show 
growth before the test was considered positive. The only exception to 
this was when only one tube showed growth after the highest heating tem- 
perature; in such cases one tube was considered a positive reaction, and 
the organism was recorded as surviving the process. 

This method of determining the thermal death point was used in order 
to render the conditions of heating similar to Pasteurization. 

I. THE THERMAE DEATH POINT OE TllE CULTURES AS A WHOLE 

The thermal death point of 139 cultures^ of streptococci was studied. 
These cultures were isolated from cow feces, from the udder and mouth 
of the cow, and from milk and cream; therefore they represent a wide 
range of sources of the streptococci commonly found in milk. 

The cultures were heated in milk, as previously described, to tempera- 
tures ranging from 48.9° C. (120° F.) to 73.9° C. (165® F.). The results 
given in Table I show the number and percentage of cultures which with- 
stood the different temperatures. Of the total cultures, 138, or 99.28 
per cent, survived heating for 30 minutes at 54.5® C. (130® F.). At 
57.2° C. (135^ F.) 1 18, or 84.89 per cent, of the cultures survived. At 
60° C. (140® F.), the lowest Pasteurizing temperature used commer- 

1 The cultures of sLreptocoed were supplied by Mr. L. A, Rogers, of the Dairy Division, Bureau of Ani- 
mal Industry. 
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dally, 89, or 64.03 per cent, withstood the heating. When a tempera- 
ture of 62.8“ C. (145° F.) was used 46, or 33.07 per cent, of the strep- 
tocoed survived. This temperature of 62,8° C. (145° F.) maintained 
for 30 minutes is the temperature generally used in the process of Pas- 
teurization. At the higher temperatures the number of cultures which 
survived grew less as the temperature was increased. At 71.1® C. 
(160*^ F.) 3, or 2.58 per cent, of the streptococci survived, while at 73.9® C. 
(165*^ F.) all were destroyed. 

These results are seen more clearly in figure i, where they have been 
plotted. Some of the streptococci were destroyed at 54.5° C. (130° F.) 
and more at 57.2® C. (135® F.). It is particularly interesting to note 
that at 60® C. (140® F.) 89 of the cultures sundved, while at 62.8® C, 



Fig. I.— Results 0/ heating streptococci for 30 minutes at various temperatures. 


(145® F.), a difference of only 2.8° C., or 5® F., only 46 survived; iheic- 
forc, 51,6 per cent of the streptococci which withstood 60® C. (140® F.) 
were destroyed at 62,8® C, (145® F,). 

It is evident in the consideration of streptococci as a whole that a 
large percentage are able to sur\dve Pasteurization. 

Table I . — Effect of hcai on siTcpiucocc; — all cultures 


Cultures furv i ving after 30 itiinuics htsting at— 


Item. 1 

1 48.9° c. 

|(jzo F,). 

sT-r'C. ! 
(1*5' F.). 

54.:;“ C. 1 

(i 39“F.}. 

57.2* C. 

Cw'C. 

1 62.8"C. I 

;(i45"F.}. 

6S.6"C. (68.3'C. 1 
(iSO°F.).'(i 55‘F.)| 

71, 1 “C. 73.9“ c. 
(160' F.).|fj65“ F.). 

Number . . 

! 



IIR ' 

89 

i 

z6 1 13 

3 i 0 

Per cent . ■ 

100-00 , 

JOC-OO 

99. 2g 

S4-S9 

64.03 

1 33-07 

! 18.71 : 9-3S 

! i 

2. 58 j 0 
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2. thr thi?rmal death point oe the cultures classified according 
To source 

In order to determine whether streptococci from certain sources 
were more resistant to heating than others, the cultures have been 
grouped according to their sources. As before stated, the streptococci 
used in this study were isolated from cow feces, from the mouth and 
udder of the cow, and from milk and cream. 

Table II shows that of the 45 cultures from cow feces, 44, or 9777 
per cent, survived 57.2° C. (135*^ T.). At 62.8° C, (140° T.) 31, or 68.88 
per cent, survived. When heated to 62.8° C. (145° F.), 9 cultures, or 
20 per cent, withstood the temperature. At 65.5° C. (150® F.) only 



Fig. 2— Results of hcatine streptococci (clashed acconlmg to source) for 30 minutes at various 
temperatures. 


4,44 per cent, survived, while at 68.3® C. (155® F.) all the streptococci 
were killed. 

The cultures from the udder, as a whole, were less heat resistant than 
those from feces, although a few were able to withstand high temperatures. 
Of the 40 cultures 60 per cent were able to survive heating to 57.2® C- 
(135® F.). At 60® C, (140° F.) 45 per cent withstood the heating. At 
62.8® C. (145® F.) 17.50 per cent survived. When heated to 71.1° C. 
(160® F.), I culture, or 2.5 per cent, still survived, but all were destroyed 
at 73.9® C. (165® F.). 

In ability to withstand heat the streptococci from the mouth were 
very similar to those from feces. 

The cultures isolated from milk and cream, however, were much more 
heat resistant than those from the three other sources. At 60® C. 
(140® F.) 18 cultures, or 100 per cent, survived. When heated at 62.8® C. 
(145® F.) 17, or 94.44 per cent, still survived. At 65,6® C. (150® F.) 
72,22 per cent withstood the heating. Even at a temperature as high as 
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68.3® C. (155® F.) 9 cultures, or 50 per cent, survived. At 71.1^ C. 
(160° F.) 2 cultures, or ii.i i per cent, survived, but all were destroyed at 
73.9° C. (165° F.). 

From these results, which arc shown diagrammatically in figure 2, it 
is evident that the streptococci from the udder are, as a rule, less resistant 
to heat than those from the other sources. Those from the mouth and 
from the feces have about the same resistance, while streptococci from 
milk and cream were very much more heat resistant than those from 
other sources. See Table II. 


Table II, — EJfect of heat on stTepiococci—culiUTes classified according to source 



3. THE THERMAI, death POINT OF THE TYPICAL AND ATYPICAL CULTURES 

The writers do not consider the chain formation a proper basis on 
which to divide streptococci into typical and atypical groups. How- 
ever, grouping is made on this basis in some board-of-health laboratories, 
and. some investigators consider that chain-forming streptococci are asso- 
ciated with infected udders. For this reason the writers believe it of 
interest to consider the heat resistance of streptococci grouped as typical 
and atypical on the basis of chain fonnation. 

Among the 139 cultures used in these experiments 22 formed long 
chains, and were for the purpose of this paper considered typical. The 
other 117 cultures formed chains of 10 or less, and were considered 
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atypical. Of the 22 typical streptococci 17 were from udders and 5 from 
cow feces. 

The results in Table III show that the typical streptococci were less 
resistant to heat than were the atypical. Of the 22 typical cultures 12, 
or 54.54 per cent, survived 57.2° C. (135° T.). At 60° C. (140° T.) 9 
cultures, or 40.91 per cent, withstood the heating. When heated to 
62.8® C. (145° T.) I culture, or 4.54 per cent, survived, and all were 
destroyed at 65.6° C. (150° F.). This culture was isolated from cow 
feces. It is, of course, possible that if a larger number of cultures had 
been used some would have been found which would have withstood 
heating to higher temperatures. 

Among the atypical cultures a much higher percentage were resistant 
to the higher temperatures. At 54.5° C. (130® F.) 99.14 per cent sur- 
vived. When heated to 60° C. (140° F.) 68.37 cent withstood the 
temperature. At 62.8° C. (145'^ F.) 38.46 per cent survived, and at 
65.6^0. (150° F.) 22.22 per cent still survived. Even at 71.1° C. (160° F.) 
3 cultures, or 2.56 per cent, withstood the heating. All were destroyed 
at 73.9° C. (165® F.). See Table III. 

TabliS III. — Effect of heat on streptococci — cultures classified as typical and atypical 

I Cultures surviving after heating for ,^o minutes et — 


Typical . 
AtyiJiL-al 


Typical. 

Atypical 

This marked diflerencc in (he heat resistance of typical and atypical 
streptococci is more clearly shown in figure 3. 

Only I out of 22 cultures of the typical streptococci survived Pas- 
teurization at 62.8° C. (145° F.) for 30 minutes. As shown in figure 3, 
the atypical cultures were much more resistant to heat. 

From the results of these experiments it is evident that there is a con- 
vsiderable variation in the ability of streptococci to survive Pasteurization, 
and a general consideration of this ability seems of interest. 


Classification of cultures. 

.<S- 9 ”C. 
(120' K.). 

SJ- 7 “C. 54 .-;° C. 

(125^ h'.). 

57 ^'C. 

, (135’ F ). 

60' C. 

{140' F,). 

/Number . 

22 ' 

22 22 

12 

9 

\Pcr cent, , 

100 

100 100 

S4-54 

40.9* 

/Number. 

„7 

II? 116 

106 

80 

■ \Pcr cent. . 

100 

100 99. 4 ^ 

j 90-59 

63-3: 


Cultures surviving after heating for jo minutes at — 


Classification of cultures. 

65.8" C, 6?.6°C. 
(145' F.}. (150* F.). 

i 68.3“ c. 

|(i55° F-). 

TI.I-C. 73.9* C. 
(i6q“P.). (iOj' F.). 

/Number. . 

r 0 


0 0 

\I‘er cent. . 

4- 54 0 : 


0 0 

1 /Number.. 

4.5 

13 

3 0 

' [-Per cent,. 

38.46 32.22 

1 ir. 11 

! 

2.56 0 
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RESULTS OBTAINED IN THE EXPERIMENTS 

Two classes of streptococci are able to withstand Pasteurizing tempera- 
tures, and this is also true of other groups of nonspore-forming bacteria; 

Class I . — Those streptococci which may have a low majority thermal 
death point but a high absolute thermal death point. 

Class 2. — Those streptococci which have a high majority thennal death 
point. 

The terms “high majority thermal death point"' and “low majority 
thermal death point,” suggested by Gage and Stoughton/ mean the 
temperature at which the majority of the bacteria are destroyed. In class 
I, therefore, the majority thermal death point of the streptococci might 
be below the Pasteurizing temperature, and they would therefore be 
destroyed. However, a few bacteria more resistant than the others 



might survive the Pasteurizing temperature and then continue to develop 
in the Pasteurized milk. The fact that some of the streptococci which 
were studied would fall in this class was plainly shown in the experiments 
of the writers. Often, after a tube of milk containing a culture of strepto- 
cocci had been heated, the reaction indicating their growth w'ould be shown 
in 24 hours, while in other cases five or six days’ incubation was necessary 
in order to show an acid reaction, thus indicating growth. In such eases 
it was evident that only a few bacteria survived the heating. Among 
this class of streptococci it is quite impossible to say whether a few cells 
survive high temperatures because of certain resistant qualities peculiar 
to themselves or whether they are protected in some way in the milk in 
which they are heated. 

1 Gage. S, de M., and Stoughton, Grai-e Vaa Ii. A study of (lie laws governing the rcsistanceof Bacillus 
coli to lieat. !n Tcchnol. Quart., v. 19, no. i. p. 41-54, ^ 9 ^’ 
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The second class of streptococci survive Pasteurization, because of the 
fact that their majority thermal death point is above the Pasteurizing 
temperature. As previously stated in this paper^ the writers isolated a 
lactic-acid streptococcus from Pasteurized milk which required 30 min- 
utes’ heating at 75.6° C. (168° F.) to destroy it. During the summer of 
1 909 some experiments were made to determine the effect of Pasteuriza- 
tion for 30 minutes on this culture at various temperatures. In Febru- 
ary, 1914, after having kept this culture by repeated transfers in sterile 
milk, the experiment was again repeated. As may be seen from Table 
IV, in the experiments in 1909 there was no reduction of bacteria of this 
culture when Pasteurized for 30 minutes at 60° C. (140° F.) or 65.6° C. 
(150° F.), but there was a reduction of 53.07 per cent when heated at 
71.1° C. (160® F.) for 30 minutes. 

In the repeated experiment with the same culture, about 4^ years 
later, similar results were obtained. At 60*^ C. (140® F.) and 65.6^^ C. 
(150® F.) there was practically no reduction in the bacterial numbers. 
The slight difference noted is within the experimental error, as this 
culture grows with difficulty on solid media. At 71.1° C. (160° F.) 
there was a reduction of 99.20 per cent. 

This organism has a high majority thermal death point, as may be 
seen from these results, and is able to survive Pasteurization because its 
majority thermal death point is above the temperature of 62.8® C. 
(145*^ F.), the temperature generally used in commercial Pasteurization 
with the holder process. It is also interesting to note that the ability 
to resist high temperatures is a permanent characteristic of this organism, 
(See Table IV.) 

Table IV . — The majority thermal death point of a lactic^acid- forming streptococcus 


EXPERIMENT DURING SUMMER 01» I^og 


Temperature. 

■ 

•V umber iif bacteria per c. c. 

Percentage of 

Before heatine. 

.After heattnd. 

reduction. 

60® C. (140® F.) 

1 

f 58,000,000 

1 64, 500, QOO 

[ '^61,250,000 

63 . 000, 000 

51. 000, 000 
57, 250,000 

1 ^ 

65.6® C. (150® F.) ^ 

41, 000, 000 

r 244, 000,000 

1 315,000,000 ' 

[ <*284,500,000 

41, 700, 000 

133, 000, 000 
138, 000,000 
<* 135, 500,000 

0 

71 .1® C. (j6o° F.) 


t 

, 53 - 07 


Average. 
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Tabi^B IV , — The majority ihermal death point of a lacUc^acid forming streptococcus — Con. 

EXPEKIMKNT nURING WINTER OR J[)I4 


Temperature. 

Numtrcr o( bacteria [>er c. c. 

Percentage uf 
reduction. 

Beiore beating. 

After heating. 


f r, 400, 000 

1, 040, 000 

1 

60° C. (140® F.) 

i 1, 600, 000 

1, 180, 000 

1 ® 

i 

[ <*1,500,000 

® I, iio, 000 

1 



[ 1,310,000 

] 

65.6® C. (150® F.) 

® I, 500, 000 

{ 1,200,000 

1 ® 



1 I, 250, 000 

J 

71.1® C. (i6o“ F.) 

« I, 500, 000 

ir, 700 

99. 20 


® Avcraee. 


SUMMARY AND CONCLUSIONS 

(i) The thermal death points of 139 cultures of streptococci isolated 
from cow feces, from the udder and the mouth of the cow, and from milk 
and cream showed a wide variation when the heating was performed in 
milk for 30 minutes under conditions similar to Pasteurization, 

At 60° C. (140° T,), the lowest Pasteurizing temperature, 89 cultures, 
or 64.03 per cent, survived; at 62.8° C. (145^ F.), the usual temperature 
for Pasteurizing, 46, or 33.07 per cent, survived; and at 71.1^ C. (160° F.) 
2.58 per cent of the cultures survived; all were destroyed at 73.9®’ C. 
(165° F.). 

{2) The streptococci from the udder were, on the whole, less resistant 
and those from milk and cream more resistant to heat than those from the 
mouth of the cow and from cow feces. When heated to 60 ^ C. (140° F.) 
all of the 18 cultures from milk and cream survived; at 62.9°C. (i45°F.) 17, 
or 94,44 percent, survived; at 68.3° C. (155° F.) 9 cultures, or 50 per cent, 
withstood the heating process. All the streptococci from milk and cream 
were destroyed by heating to 73.9'^ C. (165*^ F.) for 30 minutes. 

(3) Among the 139 cultures of streptococci there were 22 that 
formed long chains, which, for the purpose of this paper, were considered 
as typical streptococci. The others were considered atypical. The 
t)^ical streptococci were much less resistant to heat then were the atypical. 

Of the 22 typical streptocoa-i 12, or 54.54 per cent, survived heating 
for 30 minutes at 57.2° C. (135® F.); at 60° C. (140® F.) 9, or 40.91 per 
cent, survived; at 62.8® C. (145® F.) only i culture, or 4.54 per cent, 
withstood the heating. All of the typical streptococci were destroyed by 
heating for 30 minutes at 65.6® C, ([50® F,). 

The 1 17 atypical streptococci were more resistant; at 60® C, (140® F.) 
68,37 per cent survived; at 62.8® C. (145'' F.) 38.46 per cent survived; 
and at 71. 1® C. (160® F.) 2.56 per cent survived; all were destroyed at 
at 73.9® C. (165® F.). 



330 


Journal of Agricultural Research 


Vol. II. No. 


(4) Two classes of streptococci seem to survive Pasteurization: (a) 
Streptococci which have a low majority thermal death point but among 
which a few cells are able to survive the Pasteurizing temperature. This 
ability of a few bacteria to withstand the Pasteurizing temperature may 
be due to certain resistant characteristics peculiar to a few cells or may 
be due to some protective influence in the milk. (6) Streptococci which 
have a high majority thermal death point. When such is the case, the 
bacteria survive because the majority thermal death point is above the 
temperature used in Pasteurization. This ability to resist destruction 
by heating is a permanent characteristic of certain strains of streptococci. 

(5) The thermal death point determinations in this work were made 
in milk in such a manner as to represent actual conditions of Pasteuriza- 
tion by the holder process; therefore the results show what may be ex- 
pected in commercial Pasteurization, and it is evident that some strep- 
tococci may survive the process. However, different results might have 
been obtained if a larger number of cultures had been studied and if other 
methods and media had been used for determining the thermal death 
points. 
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